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MENTAL TOUGHNESS AND ATHLETIC PERFORMANCE:
A META-ANALYSIS

By
Dax Mitchell Crum
B.S., Finance, Southern Utah University, 2007
M.B.A., Southern Utah University, 2008
Doctor of Philosophy in Physical Education, Sports and Exercise Science
ABSTRACT
This investigation employed meta-analysis techniques to examine the relationship
between mental toughness and athletic performance. A total of 76 studies were
systematically analyzed, with 470 correlation coefficients (rxy) calculated to determine
the mean effect. Fifty-five subject and study variables (including age, gender, sport,
psychometric instrument, and theoretical definition) were coded for each correlation to
assess changes in magnitude according to these key characteristics noted within the
literature. Overall, the total average correlation produced a small effect size of rxy = .218.
However, the effect size varied significantly depending on the definition, measurement,
quality of the investigation, methodology, and intervention. Significant age, gender, and
sport differences were also uncovered. Overwhelming evidence suggests mental
toughness results in significantly greater self-referenced improvement than performance
against a competitor. Training and the belief in training, or training-efficacy, is theorized
to be the major mechanism underlying self-improvement producing greater mental
toughness and cumulative athletic success.
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Chapter 1
Introduction
The term mental toughness (MT) is one of, if not the most, colloquial expressions
used in all of sport (Jones, Hanton, & Connaughton, 2002). In nearly every athletic
context, MT has become a catch-all expression used by coaches, athletes, and sport
administrators to comprehensively and perhaps over-simplistically explain how and why
some athletes succeed and others fail. When the physicality and skill of two opponents is
evenly matched, it is often assumed the competitor with superior MT will persevere.
Lesser athletes are commonly afforded a chance at victory, granted they possess superior
MT. The concept has become so synonymous with athletic achievement and superior
performance that to be mentally tough in sport is to be successful and vice versa
(Gucciardi, Gordon, & Dimmock, 2009a).
The prevailing belief among sport administrators and sport participants is that the
greater the MT of the athlete, the more likely the athlete will outperform the competition
(Clough, Earle, and Sewell, 2002). Coaches have long believed in the performanceenhancing effects of MT, touting it as “the most important” psychological skill for
success in sport (Gould, Hodge, Peterson, & Petlichkoff, 1987, p. 297), and have since
sought to develop it in athletes and themselves. Likewise, the most elite athletes have
built their proficiency and prowess upon a foundation of MT (Loehr, 1995). Even some
of the most well-known youth sport organizations have frequently and repeatedly
emphasized the value and importance of developing MT in their programs (U.S. Soccer
Support Development [USSSD], 2012; Spencer, 2016).
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Popular Sport References to MT
In 2018, Duke University’s head basketball coach Mike Krzyzewski surpassed the
famed Tennessee Lady Volunteer head basketball coach Pat Summit for the most wins in
college basketball history. On his way to the title of winningest coach in NCAA history,
Krzyzewski discussed MT, saying, “The really good teams have that [mental toughness].
To be quite frank with you, that’s what we’re trying to develop with our team” (Flaherty,
2017). In the same conversation, Krzyzewski described MT in terms of the team
standards his team adheres to and one of their most important components, “honesty”
(Flaherty, 2017). Krzyzewski believed honesty allowed his team to effectively discuss
performance issues and at the same time avoid excuses for poor performance, creating
more opportunities for players to learn and grow.
The two-time FIFA Women’s Player of the Year Carli Lloyd was described by her
coach and trainer as “obviously the most mentally tough women's soccer player in the
world” after she completed the first World Cup Final hat trick in the 2015 World Cup
Final against Japan (Jensen, 2015). Setting multiple records in her World Cup
performance, Lloyd’s coaches went on to describe her “focus” as a key component of her
MT and subsequent success. Her intense focus allowed her to concentrate on the more
relevant aspects of her game on and off the field (Jensen, 2015). Lloyd commented on her
use of visualization as a tool to prepare her for incredible feats, “I've taken that
visualization part to another level… I've basically visualized so many different things on
the field, making these big plays, scoring goals" (Jensen, 2015). Lloyd and her coach
believed these MT attributes and skills substantially differentiated her from her
competitors.
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Before the 2017 Super Bowl against the Atlanta Falcons, many of the New
England Patriot players, including star quarterback Tom Brady, made comments during
the teams’ media events concerning the way head coach Bill Belichick administers a
mentally tough program in the National Football League. Tom Brady said, “[Belichick]
commits his life to coaching football and coaching this team… He walks into a team
meeting room every day and says, ‘Alright, this is a big day,’ and he means it. He just
doesn’t say it on Wednesday of Super Bowl week, he says it on Wednesday [i]n April…”
(George, 2017). In holding players to the same level of commitment, receiver Julian
Edelman added, “[Belichick] definitely asks for everyone’s best abilities every day… You
look at his service, how he does his job… you want to match it” (George, 2017). At the
same event, Marcus Cannon, offensive lineman, summed up the so-called Patriot Way by
remarking, “…he wants to build mental toughness… Everybody needs mental toughness”
(George, 2017). Shortly thereafter, the Patriots trailed the Falcons by as much as 25
points in the third quarter, only to muster the greatest come-from-behind victory in Super
Bowl history. With Belichick’s record-setting accumulation of titles, his views on MT
appear to contribute to the widespread belief that there is a strong relationship between
MT and superior performance.
Conversely, a lack of MT is often attributed to failure in sport or at least
considered a partial causal explanation of defeat, as indicated by Lebron James, formerly
of the Cleveland Cavaliers. At the start of the 2015 season, James described the Golden
State Warriors as “hungry” despite their recent finals victory over the Cavaliers
(McMenamin, 2015). James discussed the Cavaliers’ recent losing streak as more than a
lack of physical ability or talent, stating, “It's not always about being Iron Man… It's
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about mental toughness as well—going out and doing your job, doing it at a high level
and preparing that way before the tip even happens…” (McMenamin, 2015). James
suggested that MT consists of motivational aspects that drive athletes to prepare
tenaciously before the competition and to contribute considerably during the game
regardless of their physical abilities.
In a similar vein, University of Kentucky Men’s Basketball Coach John Calipari
talked about the necessity of MT being key to his young team overcoming adversity
(Chambers, 2018). Calipari told reporters his team should “not [be] getting broken down”
mentally especially because of a couple missed shots (Chambers, 2018). Calipari
described a mentally tough athlete who, despite missing a large majority of his basketball
shots, remained positive in his communication with teammates, his body language, and in
his on-court performance by contributing defensively. Calipari continued, “I didn’t think I
had to teach them [MT], but I pulled out the toughness sheet and we read what toughness
is… how we think has to change if we want how we are playing to change” (Chambers,
2018). Calipari apparently suspected his team’s performance would benefit from an MT
intervention.
MT is also emphasized in youth sport administration. Youth coaches and
administrators seek to manufacture MT in their programs to ensure success. U.S. Soccer
released a statement concerning their 4,000 elite youth soccer players being developed at
78 of their academies (USSSD, 2012). The release indicated U.S. Soccer would partner
with Exact Sports to implement the Mental Achievement Program (MAP) which was
designed to train and monitor “the important ingredients of athlete success,” and among
the five ingredients Exact Sport deemed essential was MT. U.S. Soccer considered MT
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along with other attributes like motivation, confidence, competitiveness, and leadership
requirements to maximize on- and off-field performance (USSSD, 2012).
Similarly, U.S.A. Youth Basketball described MT as “the most valuable attribute a
player can have” (Spencer, 2016). U.S.A Basketball introduced a four-part publication
series to assist youth coaches developing MT in players. The series detailed 15 behaviors
that must be honed to create mentally tough youth basketball players. Part One
encourages players to not make excuses by accepting responsibility, working extremely
hard in practice, and being coachable (Spencer, 2016). Part Two of the series urged
players to “dig deep” or give more effort while specifically focusing on defensive
intensity, taking charges, and gathering loose balls. Part Three continued with the
basketball-specific behaviors of making the extra pass and respecting referees. It also
encouraged players to look at adversity, setbacks, and failure as opportunities to improve.
Part Four redundantly started with “going the extra mile” and avoiding complaining.
Listening skills, self-analysis, and encouraging teammates were also introduced (Spencer,
2016).
Even past coaches, like Hall of Fame Coach and winner of Super Bowls I and II
Vince Lombardi, believed MT was “the most important element” in the make-up of an
athlete (Lombardi, 2003, p. 177). When asked to define MT, Lombardi
uncharacteristically wavered, “mental toughness is many things and is rather difficult to
explain” (Lombardi, 2003, p. 177). Lombardi eventually settled on the definition that
“mental toughness is the perfectly disciplined will,” but it appeared that Lombardi, as
well as the previously mentioned administrations, coaches, and athletes conceptualized
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MT in many different ways. Nevertheless, all appear to agree that MT is vitally important
to success in sport, and all have attempted to develop MT in themselves or others.
Increased Inquiry into MT
Many researchers have made similar claims regarding the efficacy of MT, saying
“clearly, mental toughness is associated with performance in a number of domains”
(Strycharczyk & Clough, 2015, p. 169) and that MT is “one of the most important
psychological constructs for performance excellence in athletic contexts” (Gucciardi et
al., 2009a, p. 54). This belief that MT holds the key to increased performance has made
the concept increasingly popular, leading to a dramatic increase in scientific
investigations (see Figure 1). In the early 2000s, MT was considered to be one of the
most popular concepts in all of applied sport psychology, with roughly 50 peer-reviewed
studies comprising the entire body of research (Jones et al., 2002).
Within the first 5 years after the year 2000, the total number of inquiries in the
literature nearly doubled, and each 5-year increment thereafter saw a doubling of
cumulative studies. Compared to the previous century, the total number of MT inquiries
from the year 2000 to 2020 increased exponentially by 2,412%. Overall, approximately
95% of the research into MT was produced after the year 2000 (Gucciardi, Hanton,
Gordon, Mallet, & Temby, 2015). Many researchers employed inductive methods to
examine the phenomenon, which in turn incited many quantitative methods based on
derived theories including investigations delving into the MT and athletic performance
relationship (Gucciardi et al., 2015).
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Figure 1. Increased inquiry into MT. Published peer-reviewed MT study totals are an
approximation based-upon search results from EBSCOhost databases.
Problem Statement
In a recent review of the literature, Lin, Mutz, Clough, and Papageorgiou (2017)
went so far as to report that there was too much research examining MT and sports
performance and suggested the topic warranted no further attention, declaring “an
abundance of sport-specific empirical studies and reviews have been carried out to link
MT with successful sport outcomes” (p. 3). In light of this bold supposition by Lin et al.
(2017), it is surprising there is not more conclusive evidence to support the relationship.
If evidence supports the construct of MT as the definitive sports performance enhancer, it
must at minimum be underscored by an unambiguous definition and theory (Cronbach &
Meehl, 1955). An evidence-based theory might also include the mechanisms or
components by which MT improves performance, and those mechanisms might be tested
experimentally in the form of MT interventions. But even the most basic components of
MT theory are demonstrably unclear (Gucciardi, 2017), especially the broadly
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disseminated contention that MT is related to superior athletic performance (Gerber,
2011).
To be clear, studies have found evidence to support this relationship (Clough,
Earle, Sewell, 2002; Crust & Clough, 2005), but others have also found evidence that
mentally tough athletes do not always perform better (Sheard & Golby, 2006; Newton,
Finch, Harbke, & Podlog, 2013) or compete at a higher levels (Nicholls, Polman, Levy, &
Blackhouse, 2009; Golby & Sheard, 2004), nor do mentally tough athletes always see
greater improvements in their skills and abilities (Sheard & Golby, 2006). Lin et al.’s
(2017) review did not reference any primary research data to support their claim that MT
increases athletic performance. The few literature reviews attempting to expressly capture
the nature of the relationship, including those cited by Lin et al. (2017), even reached
somewhat different conclusions. Lin et al. (2007) referenced a review by Crust (2007)
which seemed to affirm the existence of a modest MT and performance relationship,
whereas a review by Gerber (2011), also referred to by Lin et al. (2017), seriously
questioned MT as the causal mechanism for success.
The discrepancies in these reviews of the literature exist to a certain extent
because of the studies selected for review. Reviewers who selected too few studies or
purposively selected studies that found a relationship between MT and performance may
have ignored much of the data contained in the literature, but omitting relevant research
studies is not the only reason reviews have been unable to characterize the MT
connection to athletic performance (Crust, 2007; Connaughton, Hanton, Jones, & Wadey,
2008a). Some reviewers were unable to agree whether a study constituted evidence for or
against the MT/performance relationship. For instance, a multidimensional MT
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instrument with differing subscales may find a statistically significant correlation with a
single subscale, while the total MT value of the instrument was not significantly
correlated with performance, leaving researchers unable to determine whether a single
subscale alone constituted MT (Crust, 2007; Connaughton et al., 2008; Gerber, 2011;
Cowden, 2017). Previous reviews of the MT literature also consistently failed to report
key aspects of the primary data in the studies selected for review, such as sample
characteristics, statistical significance values, and measures of effect size (Gerber, 2011;
Gucciardi, 2017; Cowden, 2017). Moreover, reviews have only slightly begun to
integrate this data in well-defined terms and in comparable metrics that would allow
practitioners to compare the evidence from one study to another or assess the
accumulated evidence for the entire relationship.
In fact, much of the research into MT has been anything but integrated. More than
10 different academic definitions of MT are reported in the literature (Gucciardi, 2017)
and over twice as many psychometric instruments and measurement tools purported to
quantify MT in individuals (Gerber, 2011; Cowden, 2017). Multiple theoretical models
depicting the essential elements of the construct or its development have also been
reported (Clough et al., 2002; Bull, Shambrook, James, & Brooks, 2005; Gucciardi et al.,
2009a). Researchers apparently agree that MT is positively related to athletic
performance, yet they are still entirely unable to agree on exactly what MT is, much less
to characterize how it improves performance (Lin et al., 2017).
Fortunately, as previously mentioned, the amount of research into MT continues
to grow, and these differing conceptualizations and numerous quantitative instruments
have allowed MT to be examined from a variety of perspectives and contexts in and
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around athletics. The richness of this correlational group comparison and experimental
data can offer significant insight into the most rudimentary MT questions that have thus
far not been answered. Reviews of the literature attempting to summarize this data
reached different conclusions primarily because of methodological differences. Taking a
systematic approach to this data by using meta-analysis techniques may finally move MT
beyond mere theoretical assumptions into evidence-based, practical applications.
Study Rationale
Reviewing the work of previous researchers in any given field of scientific
inquiry has long served an important function in moving that field of research forward.
Summarizing the evidence reported in the literature creates new avenues within that field
of research and opens new lines of inquiry in related or unrelated areas (White, Bush, &
Castro, 1985). If facts are disputed among researchers and limited in depth or breadth, a
review of the literature summarizes what is known and unknown regarding that
phenomenon. Within the review process, researchers commonly examine the
methodological practices previously utilized to replicate certain findings, improve upon
successful interventions, or diverge into alternative techniques (White et al., 1985). Boote
and Beile (2005) summarized the importance of the literature review in the following
way:
A substantive, thorough, sophisticated literature review is a precondition for doing
substantive, thorough, sophisticated research. “Good” research is good because it
advances our collective understanding. To advance our collective understanding, a
researcher or scholar needs to understand what has been done before, the
strengths and weaknesses of existing studies, and what they might mean. A
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researcher cannot perform significant research without first understanding the
literature in the field. (p. 3)
Many researchers have likewise considered a review of the literature a critical
scientific endeavor in and of itself (Glass, 1976; White, 1982; Light & Pillemer, 1982;
White et al., 1985; Taylor & White, 1992; Oxman & Guyatt, 1993; Rosenthal &
DiMatteo, 2001; Moher et al., 2015; Shamseer et al., 2015). Reviews of the literature tend
to reflect primary research, in that “hypotheses are generated, data is collected, and
conclusions are drawn” (White et al., 1985, p. 417). In reality, researchers and
practitioners often review relevant literature to inform applied decision and policy
making in a variety of domains (Light & Smith, 1971; Moher et al. 2009). Common
review methods have included selecting a few “favorite” (Light & Smith, 1971, p. 432)
or well-known studies organized into a chronological or argumentative narrative (Glass,
1977). More in-depth methods have included listing factors influencing an outcome of
interest or comparing outcome measures such as statistical significance values from a
collection of studies (Light & Smith, 1971). Using the current investigation as an
example, an athletic scholar/coach investigating the relationship between MT and athletic
performance may review several studies examining the hypothesized relationship. If a
majority of studies report a statistically significant relationship, the scholar might
conclude such a relationship exists.
This review method of comparing statistically significant results against nonstatistically significant results became known as the “voting method” (Glass, 1976, p. 6;
see also Light & Smith, 1971). The voting method became the most widely utilized
approach for integrating and summarizing primary research data, but this method of
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reviewing the literature was also wrought with limitations (Light & Smith, 1971; Glass,
1976). First, statistically significant results were biased toward research studies with large
sample sizes, and large samples may inherently report marginal results, biasing the
overall conclusion (Glass, 1976). Second, the voting method provided no information
regarding the magnitude of a hypothesized relationship or an effect of treatment, nor did
it provide a mode of comparison for similar relationships or effects (Glass, 1976, 1977).
Third, nuanced properties of the individual studies frequently went unexamined in
relation to the reported outcomes, including many important independent variables
(Glass, 1976; Light & Smith, 1971). Ultimately, the voting method as well as other less
sophisticated literature review methods repeatedly ignored systematic patterns in primary
research data, resulting in overlooked or incorrect inferences (Light & Smith, 1971).
Even experts in the content area habitually arrived at differing or biased conclusions that
were unsupported by the data and evidence when using such unsystematic techniques
(Oxman & Guyatt, 1993).
As bodies of literature grew increasingly large and complex, Glass (1976)
recognized that chronological narratives and integrative review methods like the voting
method failed to summarize the knowledge contained within the literature. To avoid such
errors of inference and biased conclusions, Glass (1976, 1977) advocated that more
scientifically rigorous methods of analyzing data reported in literature were necessary.
This “secondary analysis” or re-analysis of primary research data was termed “metaanalysis,” which more accurately characterized “the statistical analysis of a large
collection of analysis results from individual studies for the purpose of integrating the
findings” (Glass, 1976, p. 3). While some researchers have limited meta-analysis to only
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the statistical methods that may be utilized in a review of the literature (Moher et al.,
2015; Shamseer et al. 2015), Glass (1976, 1977) intended meta-analysis to go far beyond
the statistics of the review.
The main objective of meta-analysis as a methodology was to find knowledge in
the literature. As Glass (1976) put it, researchers needed “methods for the orderly
summarization of studies so that knowledge can be extracted from the myriad of
individual researches” (p. 4). Rather than focusing on measures of statistical significance,
Glass (1977) proposed the use of an “effect size” (p. 366), particularly for experimental
research, to illustrate the mean difference between treated and untreated subject groups
on a particular outcome. This standardized mean difference effect size, or SMDES,
allowed for uniform comparison of outcomes in standard deviation units and was
calculated using the formula:
𝐸𝑆 =

𝑋̅𝐸 − 𝑋̅𝑐
𝑆𝑐

In this formula, the mean difference for the experiment group (𝑋̅𝐸 ) and the control group
(𝑋̅𝑐 ) is divided by the standard deviation of the control group (𝑆𝑐 ). This effect size
calculation is sometimes referred to as Glass’s Δ, which is similar to Cohen’s d or Hedges
g in that mean differences were standardized according to various standard deviation
alternatives (Rosenthal & DiMatteo, 2001).
For correlational research, Glass (1977) proposed a correlation coefficient rxy or
r2xy be utilized as a measure of effect size to describe the relationship between variables
of interest, given the ease with which correlation coefficients are understood and may be
integrated (see also Rosenthal & Dimatteo, 2001). The outcomes of group comparison
studies examining dichotomous variables may also be represented in terms of a
13

correlation coefficient permitting the integration and analysis of large amounts of primary
data within a body of research (Glass, 1977).
Including as much primary data as possible was a major methodological
divergence from common literature review practices (Glass, 1977). Reviewers
customarily discarded “poor designed studies” or selected only a few favorite studies to
review (Glass, 1976; Light & Smith, 1971). Rather than delimiting the studies included
for review on the basis of methodological quality or design, such as experiments with no
control group, these study characteristics should be included as factors of the metaanalysis (Glass, 1976, 1977). This allows the question: do poorly designed experiments
find similar effects as well-designed experiments (Glass, 1976, p. 4)? The potential
answer offers meaningful insight into the effectiveness of treatment as well as insight into
the effectiveness of the research designs investigating that treatment. For instance, if a
moderate effect of treatment is found in poor experiments, while well-designed
experiments found no effect, then valid conclusions may include that the treatment is
largely ineffective, and the significance of positive results may be driven by the design
itself. At a minimum, the efficacy of the treatment warrants further inquiry. Study
methodology or design becomes an important independent variable that possibly
contributes to variance in the dependent variable.
But study design characteristics were not identified as the only characteristics of
consequence that should be included in a meta-analysis. To the contrary, Glass (1977) and
other researchers (Smith & Glass, 1977; Light & Pillemer, 1982; White, 1982; Taylor &
White, 1992) recommended that any characteristics supposed or assumed to account for
the variance in the outcome should be examined in the meta-analysis. Researchers also
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noted that uncovering and selecting the characteristics most appropriate for analysis
requires a thorough understanding of the research problem and its contextual issues
(Glass, 1977).
A prime example of appropriate selection of characteristics was a meta-analysis
conducted by Smith and Glass (1977), in which 833 effect sizes were calculated and
averaged from 375 psychotherapy and counseling studies to investigate the pervasive
claim that counseling treatments were largely considered ineffective. Smith and Glass
(1977) also coded variables such as the experience of the therapists, the type of therapy,
and the outcomes themselves. The average effect size of psychotherapy and counseling
treatments resulted in a Glass’s Δ of .68, meaning on average 75% of clients reported
better outcomes post-treatment than untreated clients (Smith & Glass, 1977). The
aggregated effect size of this meta-analysis demonstrated compelling evidence supporting
the efficacy of psychotherapy and counseling treatments, refuting many expert assertions
of the day. The characteristic variables provided additional evidence showing no
correlation between the experience of the therapist and the effectiveness of treatment,
which suggested both novice and experienced therapists or clinicians on average provide
similar benefits to clients. Of the ten different types of therapy analyzed, nine reported an
effect size of .59 or greater, with the tenth reporting an average effect of .26, which
suggested even the least effective treatment may lead to positive outcomes for clients.
Even coded outcomes and the corresponding effect sizes—fear/anxiety reduction (.97),
self-esteem (.90), adjustment (.56), and school/work achievement (.31)—revealed
meaningful results, in that counseling interventions were nearly twice as effective at
improving emotional outcomes (anxiety reduction and self-esteem) as improving
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performance outcomes (adjustment and school achievement). The coding of appropriate
characteristics not only supported the overall efficacy of treatment but also more
accurately summarized the literature in greater detail, allowing for substantial knowledge
to be amassed from the analysis.
Since its initial inception by Glass (1976), meta-analysis has become a popular
methodology across fields for staying informed, developing practical guidelines, and
establishing the need for further research (Moher et al., 2009; Chambers, 2004). More
recently, meta-analysis has evolved into the “standard” methodology for synthesizing
evidence because of the scientific rigor it entails (Moher et al., 2015, p. 1). Many
researchers have outlined rigorous guidelines and preferred protocols that should be
employed when conducting a meta-analysis (Rosenthal & DiMatteo, 2001; Moher et al.,
2016; Shamseer et al., 2015). None perhaps are as comprehensive and succinct as White’s
(1982) early characterization of meta-analysis techniques, which included the following
attributes: (a) all of the studies, or a representative sample of studies, concerning a
research question are selected for review, along with rationale for exclusion; (b) the
results or outcomes of each study are expressed in a common metric (e.g., standardized
mean difference effect size, relational statistics, percentage improvement); (c) the
covariation between the subject and study characteristics and the study outcomes is
observed and analyzed; and (d) the data collection and analysis are conducted in a way
that is explicit and replicable (see also Taylor & White, 1992b).
The first technique ensures the data and evidence contained within the literature is
accurately and comprehensively represented in the review. The second technique lets the
results of each study be compared and aggregated alongside similar findings and allows
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for comparisons of magnitude, depending upon the calculated metric and the availability
of primary data within individual studies. The third technique recognizes and accounts for
variables that potentially contribute to the variance of the outcome, whether in the content
area of research or in the methods of the research. The fourth technique not only allows
the results of the meta-analysis to be reproduced, it also allows the reader to assess
whether the data synthesized supports the conclusion made by the reviewer. When the
data contained in an entire body of literature is systematically analyzed and summarized
using techniques such as these, then it is the data that drives the conclusions (Oxman &
Guyatt, 1993). These meta-analysis techniques outlined by White (1982) later became
known as White’s Four Critical Attributes of Good Integrative Reviews (Taylor & White,
1992b). Taylor and White (1992) argued these “fundamental attributes are common to all
variations of this approach to summarizing the results of previous research” (p. 63).
If “our collective understanding” of MT is to be advanced, then careful scrutiny of
the literature is imperative (Boote & Beile, 2005, p. 3). In a field exploding with
scientific inquiry, athletic participants, coaches, and administrators must be able to look
to reviews of the literature to summarize what is known and unknown about the
MT/performance relationship. A review of MT that is conducted as Glass (1977) intended
and as White (1982) prescribed will allow data to drive the conclusions concerning this
relationship. It is prudent then for an analysis of the literature, and more specifically an
analysis of the reviews of the literature, to be conducted. If the field of MT is to progress
beyond a collection of fractured theories, as Light and Smith (1971) suggested, “progress
will only come when we are able to pool, in a systematic manner, the original data from
the studies” (p. 443).
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Purpose
Therefore, the current investigation seeks to shed light on the long-standing belief
that MT leads to athletic success. Meta-analysis techniques provide a more in-depth and
thorough examination of the literature and can help determine whether the existing
evidence demonstrates compelling or significant correlations with athletic success. This
analysis also more accurately characterizes MT and further describes the magnitude and
circumstances in which MT may serve as an effective sports performance enhancer.
Finally, this study proposes areas in which future research into MT is most needed.
Research Questions
By systematically analyzing and integrating the existing body of research, this
study proposed to address the following questions:
1. What is the correlation between mental toughness and athletic performance?
2. Does the magnitude of the relationship vary depending on how MT is defined
and measured?
3. Does the magnitude of the relationship vary according to subject and study
characteristics?
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Chapter 2
Review of the Literature
Early Perspectives on MT
The concept of “tough-mindedness” was first mentioned in 1957 by Cattell, who
suggested “athletic ability and professional success in athletics” (p. 132) was associated
with tough thinking. According to Cattell (1957), the concept tough-mindedness was one
of 16 personality dimensions that varied along a range of tender-mindedness to toughmindedness and were assessed by the Sixteen Personality Factor (16PF) questionnaire, in
which tender-minded individuals were considered more “sensitive” and “frivolous” and
tough-minded individuals were considered “emotionally mature” and “responsible” (p.
131).
Werner and Gottheil (1966) sought to test Cattell’s premise by examining athlete
personality profiles against non-athlete personality profiles, including the dimension of
tough-mindedness. Both athlete and non-athlete participants were given the 16PF upon
entering college and again upon graduating. Interestingly, athletes and non-athletes
produced almost identical mean scores at both intervals, with no statistical differences
between groups.
In a similar study, Kroll (1967) assessed personality factors of college wrestlers
categorized as average, excellent, and superior based on their previous skills. The results
found no statistically significant differences in overall personality profiles at each level of
success, with an F ratio of .801 and p = .765; in terms of tough-mindedness, average,
excellent, and superior wrestlers again produced almost identical mean scores of 4.3, 4.2,
and 4.0 respectively, with no statistical differences. Kroll (1967) concluded athletes in
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general may produce similar personality profiles, sport may attract similar personality
profiles, sport may influence personality early on, dissimilar personality profiles in sport
may be lost overtime through attrition, or that tough-mindedness may be more state-like,
trainable and less a factor of personality. Despite these results somewhat confounding
Cattell’s (1957) claim that tough-minded athletes perform better, popularity in the
concept did not wane.
Applied sport psychology practitioners sought to do exactly what Kroll
suggested—train athletes to be mentally tough. Loehr (1982, 1986, 1995) and Goldberg
(1998) considered MT to be entirely learnable, contrasting Cattell’s (1957) prior
assertion, and each published firsthand accounts of their experiences improving athletic
performance with mental and emotional skills training.
Dan Jansen, the newly crowned World Champion Speed Skater, entered the 1988
Winter Olympics favored to win gold, but upon learning of his sister’s passing to
leukemia just hours before the 500-meter race, Jansen fell on the first turn. Days later
after a record-setting start, Jansen fell again during the 1,000-meter race, losing an
opportunity to fulfill a lifelong dream. In 1992, Jansen intended to recapture that dream
and commissioned the help of James Loehr (1995) to move past the tragic events of the
previous Olympics and undo his fear of racing. Then, in the 1994 Olympic Games,
Loehr’s (1995) MT training proved effective when Jansen won his first and only gold
medal in his final 1,000-meter race. Tennis icon Arthur Ashe, the first and only African
American man to win the U.S. Open, Wimbledon, and the Australian Open, summarized
Loehr’s MT methods in saying, “Loehr demystifies certain mental states that lead to
athletic success” (Loehr, 1982).
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Goldberg (1998) discussed aiding a high school basketball standout who upon
early success began to experience debilitating pre-game anxiety to the point of nausea
and vomiting. The heaping pressure of college scouts and scholarships turned game day
into a “burden” (Goldberg, 1998, p. 247). Instead of focusing on impressing those
watching, Goldberg (1998) suggested the athlete attend to matters within his control,
including breathing and relaxation techniques before and during competition. Soon after
the proposed intervention, the nausea subsided and the young athlete was back to
competing at high levels. These simple yet powerful examples offered by Loehr (1982,
1986, 1995) and Goldberg (1998), along with many other convincing anecdotes
published in their popular press works, led many to believe that success was not limited
to the supremely talented or physically gifted but could be achieved by toughening the
mind.
Diverging MT Perspectives
Researchers took note of the omnipresence of MT in the arena of sport and began
investigating its increased use as well as the underlying tenets of the theory. Gould and
colleagues (1987) surveyed 126 coaches in every NCAA division as well as NAIA
coaches to determine which psychological techniques and skills were of the most
importance. The results indicated that 82% of coaches at every competitive level
regardless of experience reported MT was the most important element of athletic success.
In a study involving Olympic medalists and their family members and coaches, 73.3% of
participants considered MT to be the most important performance-enhancing skill or
characteristic (Gould, Dieffenbach, & Moffet, 2002). By the turn of the century, Jones

21

and colleagues (2002) considered MT to be the most widely utilized concept to improve
performance in all of applied sport psychology.
Jones et al. (2002) agreed with the former and latter assertions that MT “is
arguably one of the most important psychological attributes in achieving performance
excellence” (p. 206), but they took issue with the conceptual ambiguity surrounding the
construct, such as Cattell’s (1957) early supposition of MT as a stable personality trait
conflicting with Loehr (1982, 1986, 1995) and Goldberg’s (1998) conceptualizations of
MT as completely state-like and trainable. Consequently, Jones et al. (2002) conducted a
monumental inductive inquiry into the construct, sampling elite international athletes to
propose the most widely cited definition of MT, according to Google Scholar, in which
Jones argued MT is inherited or developed. Several subsequent studies involving
international soccer players, elite cricketers, world-event-medaling gymnasts, NCAA
Division I athletes, high-altitude mountaineers, world-class Paralympians, and gold
medalist Olympians have further pursued conceptual clarity through inductive methods
(Thelwell, Weston, & Greenlees, 2005; Bull et al., 2005; Thelwell, Such, Weston, Such,
& Greenless, 2010; Butt, Weinberg, & Culp, 2010; Crust, Swann, & Allen-Collinson,
2016; Powell & Myers, 2017). Rather than critically examine the relationship between
MT and performance, however, causal factors for the athletes’ successes such as physical
ability, talent, competitive circumstances, and training regimens were typically brushed
aside. The speculation was simply that the athletes could not have reached the highest
levels of sporting achievement without MT (Jones et al., 2002, Thelwell et al., 2005;
Jones, Hanton, & Connaughton, 2007).
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Researchers have also attempted to quantify the MT/athletic performance
relationship as a means of upholding previous MT theories or advocating for new
conceptual findings in addition to providing evidentiary support for the use of a particular
psychometric instrument (Clough et al., 2002; Middleton et al. 2004; Cherry, 2005;
Golby, Sheard, & van Wersch, 2007; Mack & Ragan, 2008; Sheard et al. 2009; Gucciardi
et al.., 2015). One of the most recognized attempts by Clough et al. (2002) resulted in the
development of the Mental Toughness Questionnaire 48 (MT48), later known as the
MTQ48 (and the short form MTQ18), and the 4C’s Model of MT: Control, Commitment,
Challenge, and Confidence, in which the four Cs are subscales in the psychometric
instrument. The development of the model was based largely on hardiness theory
cultivated by Kobasa (1979), which originally consisted of the three dimensions of
control, commitment, and challenge; the additional subscale of confidence was added by
Clough and Colleagues (2002), creating the four Cs of the model and the corresponding
instrument.
Crust and Clough (2005) utilized the MTQ48 to assess MT in relation to a weightholding endurance test and reported a statistically significant Pearson correlation
(rxy= .34). The study seemed to offer support for both the theoretical framework of the
4C’s model and the MT/athletic performance relationship, but just as the work of Jones et
al. (2002) inspired further qualitative research, the work of Clough et al. (2002) inspired
further quantitative research. For instance, Cherry (2005), Mack and Ragan (2008), and
Sheard et al. (2009) each developed psychometric instruments—respectively, the Mental
Toughness Questionnaire (MTQ11); the Mental, Emotional, and Bodily Toughness
Inventory (MeBTough); and the Sports Mental Toughness Questionnaire (SMTQ)—to
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assess the relationship between MT and a variety of performance variables. Madrigal,
Hamill, and Gill (2013) eventually created an instrument based on Jones et al.’s (2002,
2007) definition called the Mental Toughness Scale (MTS), but in the initial study, the
MTS did not significantly correlate with college athlete grade point average (GPA), with
a Pearson correlation of −.15, nor was there a correlation with free-throw shooting
performance (−.08).
These few studies represent a minor fraction of the MT literature. When taken
individually, the examples depict a complicated and convoluted image of MT theory that
appears to elicit more queries than evidence-based conclusions. For example, should
researchers simply assume MT and performance are positively correlated, as many
researchers have? If Jones et al.’s (2002) widely cited definition is the most valid
definition of MT, why did this operationalization not find a correlation with performance
variables? If the 4C’s model and the MTQ48 developed by Clough et al. (2002) found a
significant correlation with a performance outcome, does this theory of MT offer more
validity than Jones et al.’s (2002) theory? Of the multitude of instruments and theories
examining MT, which has the most evidence to support its efficacy in improving athletic
performance? To answer these questions and others, readers must look to the literature
reviews to see if, and how, the data and evidence reported in the body of research has
been summarized (White et al., 1985).
Existing Literature Reviews Summarizing the MT/Performance Correlation
Previous reviewers of the MT literature have each made definitive statements or
claims about how MT is associated with performance (see Table 1). In an early review,
Crust (2007) claimed the relationship was primarily supported by coaches and athletes
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and that the performance aspect of MT was receiving greater attention among
researchers. A later review by Crust and Clough (2011) expanded support for MT beyond
coaches and athletes and stated evidence now supported the performance-enhancing
effects of MT. Gerber’s (2011) review reiterated that researchers found mounting
evidence, while Chang, Chi, and Huang (2012) indicated that studies offering such
evidence were “numerous” (p. 79). Cowden (2017) specifically reviewed sports
performance studies and concluded that nearly 76% of the studies showed evidence that
athletes with greater MT tended to perform better. The question still remains as to
whether these claims are supported by the data contained within this vast body of
research.
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Table 1
Mental Toughness Literature Reviews and Sporting Success Claims (ordered by year of publication)
Literature Review

Crust (2007)

Crust (2008)
Connaughton et al. (2008)
Gucciardi et al. (2009a)

Performance Claim
“Researchers and applied sport psychologists have noted the importance that athletes
and coaches place on mental toughness as a variable that can influence performance, it
is not surprising that this aspect has received significant attention in the literature.” (p.
282)
“The surge in research interest clearly indicates the importance which sport
psychologists, coaches and athletes attach to the concept of mental toughness because of
the potential relationship with successful performance.” (p. 576)
“The term mental toughness is frequently used by athletes, coaches, members of the
press, sport commentators, and sport psychologists to describe why certain athletes may
have become, or are currently, the best in the world at their respective sports.” (p. 192)
“Arguably, it is one of the most important psychological constructs for performance
excellence in athletic contexts.” (p. 54)

Crust & Clough (2011)

“There is evidence that mental toughness is related to higher levels of sporting
achievement…” (p. 22)

Gerber (2011)

“Researchers showed that mental toughness is associated with higher achievement
levels or performance outcomes in elite athletes.” (p. 285)

Chang et al. (2012)

“Numerous studies have indicated that mental toughness plays a significant role in
successful sports performance.” (p. 79)

Anthony et al. (2016)

“MT is considered by many to be central to sport performance.” (p. 161)
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Table 1 (cont.)
Gucciardi (2017)
Gucciardi et al. (2017)
Cowden (2017)

“In contexts where high performance underpins innovation, competitive advantage and
success, there are few constructs that resonate as deeply with people as that of mental
toughness. (p. 17)
“…a concept that resonates with most athletes and coaches as central to high
performance…” (p. 310)
“Mental toughness (MT) is often referred to as one of the most important psychological
attributes underpinning the success of athletes.” (p. 1)

“An abundance of sport-specific empirical studies and reviews have been carried out to
link MT with successful sport outcomes.” (p. 3)
Note. The table reports statements and claims concerning the relationship of MT and athletic performance in the reviews of the
MT literature.

Lin, et al. (2017)
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Lin et al. (2017) suggested that too much research had focused on the link
between MT and success in sports because the relationship was so well established that
more research was not needed. Thus, it seems that an analysis of these literature review
articles, particularly those cited by Lin, must provide compelling evidence to support this
relationship. Furthermore, if extensive evidence supported the relationship, researchers
and practitioners should be able look to the reviews for ample evidence and a practical
guide to replicate review findings by properly defining MT, assessing the MT of athletes,
intervening to develop MT, and observing performance increases as a result of such
interventions.
To analyze the strength of the evidence, the current study entailed an effort to find
all of the published, peer-reviewed literature reviews. An exhaustive search utilized the
terms “mental toughness” and “literature review,” as well as commonly associated terms,
across the entire host of EBSCO databases and then was cross-referenced with Google
Scholar. Narrative, systematic, and meta-analysis review articles were included for the
current analysis on the basis that a review of the MT literature was the primary
methodological purpose of the article. The references of the selected reviews and other
MT investigations were cross-referenced to locate any additional reviews. Editorials,
commentaries, and studies collecting primary data from study participants were excluded
from this analysis.
Twelve review articles (presented in Table 1) were identified and examined to
uncover additional details and underlying theory about the relationship between MT and
athletic performance. A brief discussion of each review is presented below, followed by a
summary of the major conclusions of each review and an analysis of the definitions of
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MT, the instruments used to measure MT, and the studies used by previous reviewers as
evidence.
Analysis of the quality and comprehensive nature of the reviews in this study was
consistent with White’s Four Critical Attributes of Good Integrative Reviews: (1) a
representative sample of studies, (2) study outcomes represented on a common metric, (3)
study and participant characteristics evaluated to examine how such characteristics
covary with study outcomes, and (4) data collection and analysis techniques that are
explicit and replicable (Taylor & White, 1992b). Moreover, the conclusions stemming
from these reviews are discussed in the context of these critical attributes to determine
whether their validity is supported by the data contained within the literature.
Crust (2007). Crust’s (2007) review of MT covered a range of topics including
sport performance. This subsection of Crust’s review only cited the two previously
mentioned quantitative studies by Clough et al. (2002) and Crust and Clough (2005), in
which athletic success was operationalized as simple tasks only marginally related to
sport and participants were not competitive athletes. The Clough et al. (2002) study is
problematic in that it was not peer-reviewed but rather a textbook example attempting to
establish the validity of the 4C’s model of MT, its definition, and its psychometric
instrument as the MTQ48. Clough et al. (2002) claimed the following definition more
comprehensively characterized MT:
Mentally tough individuals tend to be sociable and outgoing; as they are able to
remain calm and relaxed, they are competitive in many situations and have lower
anxiety levels than others. With a high sense of self-belief and an unshakeable
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faith that they control their own destiny, these individuals can remain relatively
unaffected by competition or adversity. (p. 38)
Clough et al. gave no specific details concerning cognitive and motor assessments
utilized, and participant characteristics such as age, gender, race, ethnicity, and athletic
experience were not reported. Instrumentation of performance tasks and the MTQ48 were
not reported. It is also unknown whether each of the MTQ48 subscales were significantly
correlated with performance (Clough et al., 2002).
The study by Crust and Clough (2005) highlighted this very issue. Forty-one male
undergraduate students were assessed on their ability to isometrically hold weights from
their extended arms, and higher overall MT positively correlated with longer durations of
weight-holding, with a Pearson correlation of r = .34. While two of the subscales of the
MTQ48, control (r = .37) and confidence (r = .29), were also positively correlated with
greater weight-holding endurance, the two subscales challenge (r = .22) and commitment
(r = .23) were not significantly correlated with superior “performance” (Crust, 2007).
This poor subscale performance raises questions about both the content validity of the
MTQ48 and the general conclusion that greater MT correlates with higher performance.
Questions raised include: is the MTQ48 measurement of MT valid if half the instrument
subscales fail to correlate with performance? Is the significance of the statistical
conclusion valid if driven by only two high subscale scores? Is this metric of performance
truly indicative of a mentally tough athlete?
The limited sample of the two correlational studies led Crust (2007) to conclude
the existence of an MT and athletic performance relationship. The common metric
driving this deduction was statistically significant findings. The evidence to support this
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conclusion is noticeably weak given the methodological imprecision of the study by
Clough et al. (2002) and measurement concerns in the study by Crust and Clough (2005).
These positive correlations are hardly convincing enough to predict which athletes may
go on to the ranks of professional or international sport. Thus, Crust (2007) appropriately
called for additional inquiry into the MT/performance relationship.
Crust (2008). In a subsequent review, Crust (2008) did not specifically
summarize the MT and sporting success relationship, nor were any study findings
integrated. This review focused predominantly on emerging conceptual perspectives of
MT, much of which centered on the prevailing definition of MT put forth by Jones et al.
(2002). Crust (2008) sought to compare and contrast Jones’ popular work and
methodology with other investigations using psychometric instruments, in particular
Crust’s previous work involving the MTQ48.
Jones et al. (2002) argued that any positive psychological trait associated with
successful athletic performance had been deemed MT and that to add specificity to the
construct, inductive investigations needed to be conducted. Jones et al. (2002) utilized
focus groups and individual interviews to document the perceptions of MT of 10
international athletes to arrive at the definition below and to propose 12 attributes of
mentally tough athletes.
Mental toughness is having the natural or developed psychological edge that
enables you to: Generally, cope better than your opponents with the many
demands (competition, training, lifestyle) that sport places on a performer.
Specifically, be more consistent and better than your opponents in remaining
determined, focused, confident, and in control under pressure. (p. 209)
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In 2007, Jones et al. reaffirmed their 2002 definition through a similar inductive inquiry
with a new sample of “superelite” performers including athletes, coaches, and sport
psychologists. This study by Jones et al. (2007) proposed 30 new MT attributes in a fourdimension framework of (1) attitude/mindset, (2) training, (3) competition, and (4) postcompetition.
Jones et al.’s (2002, 2007) work inspired others to inductively examine MT.
Primarily, Thelwell et al. (2005) interviewed professional soccer players to corroborate
this popular definition and confirmed the Jones et al. definition with one exception, in
which the designation “generally” (Jones et al., 2002, p. 209) was replaced with the new
designation “always” (Thelwell et al., 2005, p. 328). Thelwell et al. (2005) proposed 10
MT attributes of their own, reminiscent of Jones et al.’s (2002) earlier work. Though
these three inductive studies were meant to add specificity to the construct, more than 42
MT attributes possibly influencing performance were reported, with varying degrees of
specificity and intensity (see Table 2). Though Jones et al. (2002) claimed practitioners
were often guilty of characterizing any positive psychological characteristics as MT,
these researchers seem to have fallen into the same conceptual trap.
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Table 2
Proposed MT Attributes
MT Attributes
Jones et al.
(2002)

Thelwell et al.
(2005)

Jones et al.
(2007)

1.

Self-belief in your
abilities

1.

Total self-belief
in achieving
success

1.

Unshakable
self-belief

2.

2.

Self-belief in
qualities/abilities
relative to
opponents
Desire to succeed

2.

4.

Inner arrogance
in achieving
anything you
set your mind to
Belief in
overcoming any
obstacles

5.

4.

Determined to
bounce back from
set-backs

4.

5.

Thrives on the
pressure of
competition

5.

6.

Accepts/copes with
competition anxiety

6.

Has the ability
to react to
situations
positively
Has the ability
to hang on and
be calm under
pressure
Has the ability
to ignore
distractions and
remain focused
Wants the
ball/wants to be
involved at all
times
Knows what it
takes to grind
yourself out of
trouble

3.

3.

7.

10. Desire to
ultimately
fulfill potential
13. Refuses to let
short-term gains
jeopardize longterm goals
16. Sport
achievement is
the number-one
priority
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Thrives on
opportunities to beat
other people in
training
Loves the pressure of
competition

3.

Regulation of
thoughts/feelings

6.

Utilizes difficult
training to your
advantage

Adapts/copes with
any
change/distraction/thr
eat under pressure
11. Makes the correct
decisions to secure
optimal performance

9.

Recognizes and
rationalizes failure and
learning

14. Copes with and
channels anxiety in
pressure situations

15. Knows when to
celebrate success and
then stop and focus on
the next challenge
18. Knows how to
rationally handle
success

8.

17. Total commitment to
your performance
goal

12. Uses failure to drive
further successes

Table 2 (cont.)
7.

Unaffected by
others’ good and
bad performances

7.

8.

Focused despite
personal distractions

8.

9.

Switches a sport
focus on and off as
required

9.

10. Focuses on task
despite competitionspecific distractions

Controls
emotions
throughout
performance
Has a presence
that affects
opponents
Has everything
outside of the
game in control

10. Enjoys the
pressure
associated with
performance

19. Knows when to
switch on and
off from your
sport
22. Self-motivation
during tough
times
25. Discipline in
required
training to reach
potential
28. Remains in
control and not
controlled

20. Not being fazed by
making mistakes

21. Loves arduous training

23. Has a killer instinct to
capitalize on the
moment
26. Raises performance
when it matters most

24. Occasionally, focuses
on processes and not
outcomes
27. Utilizes difficult
training to your
advantage (in
competition)
30. Remains committed to
a self-absorbed focus
despite external
distractions

29. Totally focuses on the
job at hand in the face
of distraction

11. Pushes
physical/emotional
limits to maintain
technique/ effort
12. Regaining
psychological
control following
uncontrollable
events

Note. The attributes listed are abbreviated to fit the table without compromising meaning to the greatest extent possible.
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Jones et al.’s (2002) definition made the underlying assumption that elite athlete
participants possessed greater MT by virtue of their achievement status or performance
ability (Jones et al., 2002; Thelwell et al., 2005; Jones et al., 2007); Crust (2008) made
differing and important conceptual implications concerning MT and performance.
Whether it is “generally” (Jones et al., 2002, p. 209) or “always” (Thelwell et al., 2005, p.
328) coping better than opponents, Crust (2008) determined this definition detailed what
mentally tough athletes tend to do rather than what MT is. Moreover, this review
questioned the assumption that the elite athletes selected for the study possessed MT
without any measure or verification of MT. Crust (2008) advocated further use of the
MTQ48 (Clough et al., 2002) and the Psychological Performance Inventory – A (PPI-A;
Golby et al., 2007), a newly modified version of Loehr’s (1986) original MT survey, the
Psychological Performance Inventory (PPI), which received criticism after its increased
use as a psychometric instrument. These criticisms included the limited information
encompassing its conceptual development, the methods behind item generation, and
issues of factor validity (Middleton et al., 2004; Gucciardi, 2012).
The Crust (2008) review went on to address additional conceptual challenges of a
performance relationship and the assumption that elite athletes inherently possess it. The
review suggested MT assists athletes in achieving more victories, referencing Loehr’s
(1995) definition of MT, “the ability to consistently perform toward the upper range of
one’s talent and skill, regardless of competitive circumstances” (Loehr, 1995, p. 5; Crust,
2008, p. 578). As an applied sport psychology practitioner, Loehr (1982, 1986, 1995)
published intervention ideas to improve MT as well as accomplishments of athletes
utilizing those interventions in popular press books. As mentioned, Loehr (1986) also

35

developed an instrument for measuring MT, the PPI42, but much of Loehr’s work has
been criticized for lacking scientific rigor and empirical foundations (Jones et al., 2002;
Clough et al., 2002; Gucciardi et al., 2009a).
Crust (2008), however, bolstered Loehr’s definition of MT by agreeing that MT
and its effect on performance may be relative to the talent and ability of the athlete,
referencing a study by Bull et al. (2005) as supporting evidence. This study investigated
elite cricket athletes, but only after coaches voted and qualified the athletes as “mentally
tough” (Bull et al., 2005, p 212). The inductive responses of the mentally tough athletes
supported Loehr’s (1995) definition under the global theme that MT is the “determination
to make the most of ability” (Bull et al., 2005, p. 217), giving credence to the relative
performance capabilities of MT.
Connaughton et al. (2008). Connaughton, Hanton, Jones, and Wadey (2008a)
conducted a narrative review of the principal issues in MT research. The MT and athletic
performance relationship was specifically addressed in a subsection of the review, but the
evidence put forth to support the relationship was not integrated, presumably because it
consisted of popular press books or opinion articles produced from the authors’ beliefs
and experiences in coaching sport. Among these examples was the work of early MT
practitioners such as Loehr (1982, 1986, 1995), who was the developer of the PPI, and
Goldberg (1998), who strongly endorsed the use of mental and psychological skills (e.g.,
goal setting, self-talk, imagery) to develop MT. Connaughton et al. (2008) suggested this
position lacked empirical support and further suggested the authors of these sources did
not explicitly examine MT but instead focused on psychological factors related to
successful sport outcomes.
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Connaughton et al. declared Jones et al.’s (2002) conceptualization and Jones et
al.’s (2007) framework of MT the most valid to date, citing Thelwell et al. (2005) as
supporting evidence. The review defended the definition and model under the principle
that the two vitally emphasized the performance aspect or “outcome component”
(Connaughton et al., 2008, p. 200) of MT, and MT must continue to be examined in those
who have attained the highest levels of performance.
Connaughton et al.’s review dismissed Crust’s (2007) previous criticism that this
definition failed to capture what MT is and only described what mentally tough athletes
do. Connaughton vehemently disagreed, stating Jones et al.’s definition was “the desired
end state of being mentally tough (Connaughton et al., 2008, p, 200). In further
opposition, the researchers cautioned against other definitions, specifically the use of the
Clough et al.’s (2002) 4C’s model of MT and its instruments the MTQ48 and the
MTQ18. The review argued the development of the 4C’s model lacked transparency and
omitted key study details such as participant selection, data collection, and complete
correlational findings. Moreover, the review contended this model lacked any rationale
for conceptualizing MT as a construct consisting of the hardiness components
(commitment, challenge, and control) and confidence. Another popular quantitative
instrument, the PPI (Loehr, 1986), was also deemed invalid by Connaughton et al.
(2008a). Consequently, quantitative studies utilizing the MTQ48 and MTQ18 (Clough et
al., 2002) as well as the PPI (Loehr, 1986) were excluded from the review by
Connaughton et al. (2008a), reducing the sample of studies to be summarized.
Connaughton et al.’s (2008a) review uniquely summarized the literature of MT
development, but a subsection of the review contained a sample of one study involving
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the same group of researchers. Connaughton, Wadey, Hanton, and Jones (2008b),
qualitatively investigated MT development, reusing the original sample of elite athletes
interviewed in the 2002 study by Jones et al. Though Connaughton et al.’s (2008b)
review avoided mentioning this sampling procedure as well as other sample
characteristics, the study ultimately determined the 12 MT attributes of Jones et al. (2002)
were developed in three phases: early years (advice from coaches, effective leadership,
observing other elite athletes), middle years (elite level competition, simulation training,
extracting positive experiences, rationalizing setbacks, and using psychological skills),
and finally the later years (mental skills, cognitive reconstruction, routines, simulation
training, sporting and non-sporting social support; Connaughton et al., 2008b). This
model of development, derived from Bloom’s (1985) framework of talent development,
diverges from early explanations of MT that described it as a stable personality trait,
suggesting instead that MT may be trainable and a state-like construct.
It is important to note that the MT development concepts presented by
Connaughton et al. (2008b), which consisted of simulation training, gameday/practice
routines, and mental and psychological skills interventions, were suggested by early
practitioners (Loehr, 1995; Goldberg, 1998). Rather than completely dismissing previous
concepts and the results of quantitative studies, Connaughton et al.’s (2008a) review may
have highlighted previous ideas over more current empirical investigations.
Gucciardi et al. (2009). Gucciardi et al. (2009a) reviewed the MT literature as
well as the basic tenets of Personal Construct Psychology (PCP; Kelly, 1991), which was
used by Jones et al. (2002) and others to explain the reactions of athletes who invoked
interpreted personal experiences with MT during interviews that revealed a personal
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construct and provided data for a conceptual definition and the essential elements of MT.
In terms of performance, Gucciardi et al. (2009a) acknowledged sport administrators and
sport researchers steadfastly believed MT was an important factor in athletic success, but
appropriately maintained the relationship had only begun to receive meaningful attention.
This review did not specifically address MT and performance enhancement; instead
Gucciardi et al. (2009a) attempted to resolve the intensifying conceptual debate spurred
on by Crust (2008) and Connaughton et al. (2008a).
Gucciardi et al.’s (2009a) review included many of the same qualitative studies
that were cited by Connaughton et al. (2008a) yet almost entirely excluded quantitative
studies. This limited sample size of studies did not formally integrate any study data,
apart from the MT component of self-belief. The review noticed self-belief was
consistently reported in the literature as a component of MT (Gucciardi et al., 2009a), but
the significance of this dimension in relation to other dimensions and MT as a whole is
still uncertain. The connection between self-belief and other sport-related concepts of
flow and peak performance was also noted, but no other dimensional components of MT
were assimilated.
The focus of Gucciardi et al.’s (2009a) review involved proposing a theoretical
model of MT within a PCP framework and developing a more appropriate definition. The
model highlighted MT as a collection of attributes influencing internal and external
approaches and responses to events (Gucciardi et al., 2009a). The model also showed MT
allows athletes to benefit from positive and negative events, which is an important
distinction from previous conceptualizations. This discriminates MT from other concepts
such as resiliency (Rutter, 2006) and hardiness (Kobasa, 1979), which respectively deal
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with rebounding from setbacks or dealing with stressful situations. Other major
theoretical contributions include a contextual component to being mentally tough, such
that not all aspects of MT would immediately transfer to a different context or sporting
event. The review considered MT a continuum, with all athletes possessing a measure of
MT.
After drawing these conceptual conclusions, Gucciardi et al. (2009a) proposed an
updated definition:
Mental Toughness is a collection of experientially developed and inherent sportspecific and sport-general values, attitudes, emotions, and cognitions that
influence the way in which an individual approaches, responds to, and appraises
both negatively and positively construed pressures, challenges, and adversities to
consistently achieve his or her goals. (p. 67)
Contrary to the prevailing definition offered by Jones et al. (2002), which centered
primarily on performance outcomes in relation to the competition (i.e., prevailing against
contending athletes), Gucciardi et al.’s (2009a) definition focused on more relative
outcomes in goal achievement. Moreover, Gucciardi et al. (2009a) argued the focus on
success and achievement conflated MT with superior physical ability or technical skill.
Gucciardi et al. (2009a) qualified these model implications as advancing theory but in
need of further empirical testing.
Crust and Clough (2011). The next literature review by Crust and Clough (2011)
concentrated on summarizing the evidence about MT development in athletes from early
sport introductions to adult athletic careers. This review considered MT as vital to sport
growth and success. Though not specifically reviewed, the researchers categorically
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agreed the “evidence” (Crust & Clough, 2011, p. 22) supported this relationship. The
principal evidence cited to support the relationship was not any primary research or
another review of the literature but a popular press book by Sheard (2010). The only
other evidence cited in support of the relationship were the previously discussed study by
Crust and Clough (2005) examining student weight-holding and a study that examined
the relationship between MT scores and athlete stress coping behavior (Kaiseler, Polman,
& Nicholls, 2009). None of these three sources provided reliable or convincing evidence
to support the relationship; consequently, Crust and Clough (2011) conceded their review
was “not exhaustive” (p. 30). They gave no explanation of how studies were selected for
review.
Crust and Clough (2011) did not explain the methods by which they selected and
integrated the MT development concepts. In fact, the only methodological procedure
offered by the reviewers was that the concepts discussed in the review represented “the
more consistent findings” in the literature (Crust & Clough, 2011, p. 30). The
developmental components summarized consisted of substantial genetic elements, mental
and psychological skills (i.e., goal-setting, imagery, and thought control), upbringing and
parental influences, mastery and outcome orientations, challenging circumstances, social
support systems, supported autonomy opportunities, and encouraged self-reflection. The
limited sample of studies and vague manner in which findings were designated as
“consistent” appear to prevent readers from making any informed decisions concerning
the prevalence and effectiveness of these concepts (Crust & Clough, 2011, p. 30).
Gerber (2011). Gerber (2011) suggested athletes with MT were becoming an
increasingly valuable resource in the context of a highly commercialized sport industry.

41

Athletes with an ability to consistently achieve and succeed in the face of extreme
challenges provided a unique competitive advantage to the teams or clubs in which they
played. Therefore, defining, measuring, and developing MT must also be of tremendous
import to athletes, coaches, sport psychologists, and other sport administrators. Given this
reality, Gerber (2011) reviewed these concepts and specifically examined the relationship
of MT and athletic success.
This review utilized nine empirical studies, the largest sample of studies up to that
point in time, to determine the significance of the correlation between MT and athletic
success (Gerber, 2011). The reviewers performed no integration of statistical data.
Similarly, many of the characteristics of the studies (i.e., methods, instruments, and
outcomes) and the study participants were left unreported. What Gerber (2011) did note
was that a majority of the studies (eight of the nine reviewed) reported small relationships
between success and MT. But even with these significant results, the researcher cautioned
not to overestimate the importance of MT in relation to other factors such as training,
physical ability, and deliberate practice.
The reasoning behind this caution stemmed from not fully understanding the
mechanisms through which MT influences performance (Gerber, 2011). There is no clear
causal pathway to increased performance that has received empirical testing. This lack of
conceptual precision was further emphasized when Gerber (2011) reported that six of the
eight studies that found a performance relationship had instrument subscales that were
not statistically significantly related to MT. This major flaw was seen previously in the
review by Crust (2007) but went unexamined. Gerber (2011) rightfully raised the issue,
which in turn raised the question of whether this collection of studies appropriately
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measured MT, if many of the instrument subscales used did not correlate with the
performance-related outcomes.
Gerber (2011) reviewed the prevailing definitions of Loehr (1995), Jones et al.
(2002), and Clough et al. (2002), as well as nine different MT instruments, but made no
determination as to which definition and instruments were the most valid measures of
MT. Gerber (2011) suggested there was a consensus among the studies on the
multidimensional nature of the construct, though the studies frequently identified
different dimensions or attributes of MT, depending on the study context and participant
characteristics. The review also claimed a growing number of attributes seemed to be
coalescing under common themes but offered no analysis to support this assumption.
Gerber (2011) also indicated MT was comprised of both general and sport-specific
elements.
In the realm of MT development, mental skills training was again posited as a
possible intervention by Gerber (2011). A quasi-experimental study of elite youth
swimmers showed psychological skills training increased MT and other related outcomes
such as self-efficacy and optimism (Sheard & Golby, 2006). This study also found that
the intervention produced small performance gains in various athletes and swimming
events, but the study was inexplicably excluded in the sample of studies examining
performance.
Chang et al. (2012). A review by Chang et al. (2012) followed in the footsteps of
its predecessors. It did not integrate study findings; rather, it discussed findings in general
terms. The researchers did not specifically investigate the MT/athletic performance
relationship but discussed the topic primarily in the context of athlete perceptions and
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coping strategies. They posited that essentially, mentally tough athletes perceived or
approached a situation or contest differently, allowing them to perform better. Chang et
al.’s (2012) review cited Clough et al.’s (2002) work on the MTQ48 as supporting
evidence as well as a study by Nicholls, Polman, Levy, and Backhouse (2009). In the
unreviewed study by Clough et al. (2002), subjects with higher MTQ48 scores rated more
intense training as less physically demanding. But, as previously mentioned, numerous
validating details were left unreported, including participant characteristics, training
protocols, results of all performance outcomes, and statistical results of any sort. Nicholls
et al. (2008) found MT correlated significantly with approach coping strategies, which is
consistent with conceptions that MT is associated with optimistic characteristics.
Nicholls et al. (2009) recruited 677 athletes of different ages, genders, sport
experience level, sport type (team versus individual, contact versus non-contact) and
achievement level (international, national, county, club/university, and beginner). The
study utilized Clough et al.’s (2002) measurement tool, the MTQ48, to assess the MT of
athletes in relation to these factors. Athlete mental toughness was significantly related to
increased age (β = .18) and experience (β = .17), and male participants also reported
significantly higher mental toughness scores (p < .01).
Where significant difference might be expected between sport type and
achievement, none was found. These findings presented evidence that team sport and
contact sport (football or rugby) participation may not attract or produce the most
mentally tough athletes. Furthermore, this MT study contradicted several performancerelated studies that claimed a relationship between the two. The MT among elite
international athletes participating at the highest levels did not significantly vary from the
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MT reported by beginner athletes. This evidence is not without limitations, but unlike
other studies (Clough et al., 2002; Crust & Clough, 2005), Nicholls et al.’s (2009)
investigation sampled a wide range of athletes as opposed to homogeneous student
groups and directly compared sport-associated outcomes (Chang et al., 2012).
In summarizing the results of this review, Chang et al. (2012) argued the
MT/success relationship merited far more attention, stating a variety of contexts and
participants needed to be investigated to more comprehensively address the topic. Chang
et al. (2012), like other researchers, concluded the conceptual nature of MT was still
largely up for debate. Loehr’s (1995) definition was perhaps too broad, while the details
of Clough et al.’s (2002) and Jones et al.’s (2002) definitions had received an increasing
amount of criticism.
Anthony et al. (2016). The review by Anthony, Gucciardi, and Gordon (2016)
sought to summarize the results of 10 qualitative studies that investigated the
development of mentally tough athletes. The review marks a turning point in the MT
literature, since it is the first substantial attempt to integrate study data for the purpose of
drawing meaningful conclusions or advancing the theory of MT development. Inclusion
and exclusion criteria for the sample of studies were clearly articulated as were the study
methodologies and participant characteristics, allowing readers to identify the context in
which developmental themes were generated. Anthony et al. (2016) synthesized the
themes they presented into an explanatory theory, designated the bioecological model of
MT development and derived from Bronfenbrenner’s (1977) ecological model of human
development (Anthony et al., 2016; Bronfenbrenner & Morris, 2006).
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Anthony et al. (2016) classified data collected from the reviewed studies into four
broad components. These components consisted of (1) proximal processes, (2) contexts,
(3) time, and (4) person, which the researchers alleged interact over the course of an
athlete’s development to yield MT characteristics and attributes within that individual.
Proximal processes, or the foundation of the model, are repeated experiences that
challenge the learning, understanding, and ability of the athlete, such as the appropriate
motivational climate. The contexts component comprises the different physical and social
environments that may impact an athlete’s MT development; these may resemble the
parent‒athlete relationship at home or the coach−athlete relationship in training. The time
component of the model refers to MT development occurring over daily activities, across
weeks, and eventually throughout an entire athletic career. Lastly, the person component
recognizes that MT development depends heavily on the temperament, personality, and
abilities of an individual. According to Anthony et al. (2016), the bioecological model of
MT illustrated the complexities of MT development.
This review did not directly address the debates surrounding performance nor the
definition of MT. It merely accepted the most recent definition offered by Gucciardi and
Hanton (2016), who defined MT as “a personal capacity to deliver high performance on a
regular basis despite varying degrees of situational demands” (p. 442). In terms of data
collection and analysis, the review failed to include how the development concepts were
collected from the sample of studies. It is unclear whether the studies had similar
development findings and which were the most significant. Anthony et al. (2016)
conducted no analysis to examine whether similar methodologies produced similar
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results, or whether athletes, coaches, or sport administrators perceived MT development
differently.
Gucciardi (2017). Where previous reviews failed to compellingly characterize
the construct of MT, Gucciardi (2017) attempted to resolve assorted conceptual
inconsistencies. This narrative review began with a chronological examination of nine
academic definitions of MT and various corresponding issues, which produced two
primary concerns. First, too many definitions relied on a specified set of characteristics.
This becomes problematic when new study findings suggest that similar or related
concepts are indicative of MT when they are not specifically designated in the definition.
For example, Jones et al.’s (2002) definition of stated athletes are more “determined,
focused, confident, and in control under pressure” (p. 209), while Gucciardi et al. (2009a)
considered self-belief to be the most consistently reported element of MT in the literature.
Which conceptualization is valid given there is no overlap between the characteristics?
Gucciardi (2017) argued in this review that elements, though distinct, were similar
enough that a valid MT definition need not itemize each MT characteristic.
Gucciardi’s (2017) second major contention was that too many definitions of MT
focused on outcomes such as winning. This long-standing issue made the MT somewhat
tautological and difficult to test empirically. What is the efficacy of testing athlete MT if
by definition the mentally tough athlete always wins? Moreover, Gucciardi (2017) argued
that if MT is a construct that improves performance, then improved performance is an
outcome of MT. How then can MT be defined as both the cause of superior performance,
such as “a psychological edge” (Jones et al., 2002, p. 209), and an outcome whereby
athletes “generally cope better than [their] opponents” (p. 209)?
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To remedy these issues, Gucciardi (2017) proposed an “updated working
definition” in which “MT can be defined as a state-like psychological resource that is
purposeful, flexible, and efficient in nature for the enactment and maintenance of goaldirected pursuits” (p. 18). Defining MT in general terms allowed for more relative
individual successes to be recognized in addition to absolutely outperforming the
competition. By not demanding a certain set of MT characteristics, this definition
acknowledges various positive psychological resources may be acquired and assimilated
over time into a unidimensional concept that may assist in goal achievement.
Gucciardi (2017) argued that MT, when defined as this sort of “resource caravan,”
provides motivational direction (purpose), behavioral management (efficiency), and
adaptability (flexibility) toward “self-referenced objectives” (p. 19). This definition
departed from previous conceptualizations in which MT was predominantly characterized
as a “state-like” (p. 19) construct and signified that MT resources may develop and
change over time as well as vary depending on situation or context. The trainability and
contextuality of this MT framework resembled earlier positions taken by Loehr (1982,
1995), who considered MT to be entirely trainable, and diverged from the more recent
positions of Jones et al. (2002), Clough et al. (2002), and Crust and Clough (2011), who
considered MT to be highly genetic and naturally acquired.
Gucciardi (2017) also discussed the constructs of resilience and grit, which are
often used interchangeably with MT. According to Gucciardi, resilience is often referred
to as the ability to rebound from setbacks that possibly threaten future performance,
whereas grit is defined as perseverance and passion toward long-term goals. This concept
of resilience implies a reactionary response in which an individual may prevail over
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stressors after they arise. Gucciardi posited grit as a disposition in which an individual
consistently exhibits passion and perseverance toward a singular goal across time and
context. Gucciardi (2017) proposed a conceptualization of MT as both a reactive
construct in assisting with setbacks and a proactive construct in assisting future
achievement, sometimes of multiple, competing goals. Highlighting differences between
these comparable concepts offered much-needed discriminant validity to defining MT.
In discussing the usefulness of MT to generate successful outcomes, Gucciardi
(2017) considered the majority of correlational studies and quantitative instruments
employed to measure MT quite arbitrary. He alleged that an MT score is not inherently
helpful in describing how mentally tough an athlete is or what an incremental increase in
MT means in terms of performance. Additionally, he noted that measuring MT in relation
to a sporting outcome offered little insight into the behaviors underlying MT that may
facilitate those outcomes. Essentially, Gucciardi (2017) suggested the underlying
mechanisms of MT performance enhancement and the magnitude of its effectiveness had
not been critically examined.
Despite the above-mentioned limitations of the quantitative research, Gucciardi’s
(2017) review concluded “MT has been positively associated with performance” (p. 20).
Gucciardi (2017) conducted no integrative analysis of the sample of studies included in
the review. The limited sample of five studies to support this conclusion included two
experimental studies not previously reviewed, but the details of this research were not
reported.
Gucciardi et al. (2017). The narrative review by Gucciardi, Hanton, and Fleming
(2017) was written explicitly in response to a sports medicine editorial in which MT and
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mental health were considered “contradictory concepts” (p. 307). The editorial suggested
athletes may shun mental health support out of fear of being branded “mentally weak” (p.
307). Gucciardi et al. (2017) ceded that no studies have expressly examined the
relationship between elite athletes and mental health, yet they refuted the notion that MT
might prevent athletes from seeking help. Part of that refutation included a sample of four
performance-related studies, two of which were the experimental studies cited in the
previous review by Gucciardi (2017).
Unlike previous reviews, Gucciardi et al. (2017) presented the results of these
four studies (Mahoney, Gucciardi, & Ntoumanis, 2014; Bell, Hardy, & Beattie, 2013;
Arthur, Fitzwater, & Hardy, 2015; Gucciardi et al., 2015) exclusively in terms of effect
size, allowing readers to make determinations concerning the magnitude of the
relationship. Gucciardi et al. (2017) reported effect sizes in terms of beta coefficients,
correlation coefficients, Cohen’s ds, and an odds ratio to make the case of MT as a
performance enhancer. These various effect size metrics did not allow the efficacy of MT
to be compared from one outcome to the next. Moreover, the reported metrics did not
allow the researcher to calculate a total effect, which could have been done if the effect
sizes were converted into a common metric. The review ultimately concluded the
evidence supported MT as a means of attaining and maintaining mental health.
Gucciardi et al. (2017) left many details of the evidence reviewed, such as
methodological considerations and participant characteristics, unmentioned. The
researchers reviewed an experimental study that tested punishment-condition stimuli on
youth cricket athletes to improve performance. The results indicated MT improved
performance on competitive statistics (d = 0.85) and indoor batting against pace bowling
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(d = .81). The review failed to mention all the results, including a multi-stage fitness
assessment, batting against spin recording, and vertical jump test. For instance, vertical
jump test results showed that both the intervention group and the control group improved
significantly over the course of the treatment, but post-test results did not differ
significantly (Bell, Hardy, & Beattie, 2013). This may not have been intentional, as the
researchers of the original study, Bell et al. (2013), did not perceive vertical jump
performance to be related to MT, but they did consider the multi-stage fitness assessment
and batting against spin assessments to be related to MT. These different outcomes should
have been included to allow readers to make more informed decisions concerning the
evidence.
Additionally, the study by Bell et al. (2013) highlighted another important issue
regarding appropriate disclosure of the reviewed evidence. Participants in the study were
not selected at random, making the “experiment” characterization somewhat misleading.
The study also reported potentially confounding selection bias, with intervention group
selection criteria entirely based on prior performance including “competition statistics,
observation, and scouting reports,” or, simply put, “based on future potential to be a
World’s best player for England” (Bell et al., 2013, p. 285). Athletes not considered to be
in the “World’s best” category (p. 285) were recruited to participate in the control group.
Athletes who demonstrated superior performance were selected to the invention group,
while those demonstrating poorer performance were selected to the control group. The
superior athletes received a MT intervention and were then re-assessed, only to find
greater MT and performance.
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Gucciardi et al.’s (2017) study highlighted the very tautological issue raised in the
lead author’s previous conceptual review (Gucciardi, 2017), yet Gucciardi et al. (2017)
failed to account for this issue. This omission highlights the need for evaluating study
evidence for possible methodological biases (Shamseer et al,, 2015; Guyatt et al., 2011).
Cowden (2017). Cowden’s (2017) review is the only review of the MT literature
devoted entirely to the MT/sporting success relationship. Inclusion criteria for studies to
be summarized consisted of strictly athlete participants, quantitative measurements of
MT, and outcomes-related sport performance. The outcomes of the 19 studies selected
were divided into three key categories of competitive standard, achievement level, and
performance. The competitive standard (n = 10) category measured MT against different
athlete statuses such as amateur, professional, and international, with 70% of studies
finding higher status associated with greater MT. The achievement level (n = 3) category
compared MT in connection to peer performance metrics (i.e., proficiency ranking and
starting position). Two of the three studies found MT differentiated achievement. The
performance category (n = 8) found 88% of studies reported athletes with greater MT
were more likely to win or perform better statistically in a competition or training. Two of
the 19 studies investigated presented differences between both achievement level and
performance for a total of 21 outcomes.
This integrative review provided the best evidence to date about whether MT is
significantly related to athletic performance. Cowden (2017) also diligently outlined the
study and participant characteristics, including the type of psychometric instruments and
statistical analyses used, as well as the statistical outcomes, predominantly reported in
significance values (p < .05). In total, 16 of the 21 studies (76%) reported at least some
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measure of statistical significance to support this relationship, but extracting a single pvalue from a study with multiple findings does not fully explain the magnitude of the
evidence (Cowden, 2017; Glass, 1976).
There are other issues presented in Cowden’s (2017) results. Several studies failed
to find a statistically significant difference between the comparison groups (Cowden,
2017). In a study that compared multiple groups, if at least one group difference was
statistically significant, then the entire study was included in the integrated percentages
showing support for a relationship. Other studies only reached the level of statistical
significance when controlling for the specific factors. Subscales of various MT
instruments frequently found statistical significance with a performance metric while the
construct as a whole was unable to detect an effect. This review did not account for any
of these characteristics in summarizing the results (Cowden, 2017). When the studies
exhibiting these issues are categorized as unsupportive evidence, only eight of the 21
(38%) outcomes provided evidence that there is a positive correlation between MT and
athletic performance.
Cowden (2017) did share two limitation concerns. First, the review included only
cross-sectional studies, preventing the causal direction of the relationship to be
established. Second, the review questioned the validity of the instruments measuring MT.
More than 10 different instruments were mentioned in the review, and many of these
measured different dimensions of MT. Cowden (2017) acknowledged, “it is unclear
whether these instruments are broad or narrow enough to exclusively capture MT as
opposed to other similar constructs” (p. 11). One of the major strengths of this review
was the careful documentation of the subject characteristics in each study (age,
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geography, sample size, and MT instruments), but unfortunately the review did not
analyze them in relation to performance outcomes.
Lin et al. (2017). Lin et al. (2017) conducted a systematic review that attempted
to examine the non-sporting relationships of MT. The reviewed argued the MT/sport
success relationship had been reviewed extensively and an abundance of research
corroborated this relationship. To support this claim, Lin et al. cited the three reviews
discussed previously by Crust (2007), Gerber (2011), and Chang et al. (2012). Despite
Crust’s (2007) limited sample of studies, Gerber’s (2011) questions of instrumentation
and subscale validity, and Chang et al.’s (2012) calling for more research to support the
relationship, Lin et al. (2017) improperly suggested the relationship warranted no further
review. In selecting studies for review, Lin et al. only included performance studies
primarily of participants outside of sport, including subjects in educational, employment,
and military settings.
In the education setting, four studies involving student participants suggested
increased MT was correlated with several academic achievement metrics such as grades,
attendance, and goal attainment (Lin et al., 2017). In the workplace, two studies reported
positive associations between achievement and MT. The first suggested senior level
managers possessed greater MT than subordinates (Marchant et al., 2009). The second
demonstrated an affirmative link between supervisor-rated performance and MT
(Gucciardi et al., 2015). In military settings, three studies suggested MT was a significant
predictor of selection test performance, training course performance, and in recruit
retention (Lin et al., 2017).
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Although the review by Lin et al. (2017) highlighted the diverse contexts in which
MT is thought to enhance achievement and performance, the review neglected to report
key information from the sample of studies reviewed. No statistical significance measures
or effect sizes were reported, let alone integrated and analyzed (Lin et al., 2017). Other
characteristics such as sample size and instrumentation also went unreported. Lin et al.’s
(2017) review claimed to be “systematic” and follow meta-analysis guidelines outlined in
PRISMA (Moher et al., 2009; Moher et al., 2015), but it seemed this review merely
discussed general results rather than collecting data, assessing the data for potential
biases, and synthesizing the results. These shortcomings have emerged as a consistent
theme in the reviews of the MT literature.
Analysis of the Reviews
While these reviews were meant to comprehensively summarize what is known
about the relationship between MT and successful athletic performance, it is difficult to
draw any meaningful conclusions. A majority of these reviewers concluded that the
relationship was positive, but it is also important to examine the methodological quality
and analysis techniques before accepting those conclusions as credible and evidencebased. This can be done by assessing the degree to which reviews examined all of the
available evidence, the degree to which the data were summarized using a common
metric, the degree to which the subject and study characteristics were considered in
interpreting the results, and whether the overall conclusions were supported by the data in
a way that was explicit and replicable.
Consideration of all available evidence. To accurately characterize whether MT
is related to successful athletic performance, all other available evidence must be
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considered. Considering too little evidence may bias the conclusions. An example of this
is reviewers considering only the evidence from studies conducted by themselves or
colleagues; a second example is researchers selecting evidence a priori to justify certain
arguments or conclusions in an attempt to confirm personal biases rather than letting the
body of evidence speak for itself. Clearly, it is important to examine all of the available
evidence if we want to reach valid conclusions.
In these literature reviews, 39 different studies examined the relationship between
MT and athletic success either directly or indirectly (see Table 3). Textbook chapters as
well as popular press articles and texts were excluded from Table 3, leaving the reviews
of Connaughton et al. (2008a) and Gucciardi et al. (2009a) with no empirical studies
cited. The Cowden (2017), Lin et al. (2017), and Gerber (2011) reviews summarized the
largest samples of performance-related studies, with 19, 11, and 9 studies respectively.
The remaining nine reviews (75%) reviewed 5 or fewer studies in drawing performance
conclusions.
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Table 3

Crust (2008)

Connaughton et al. (2008a)

Gucciardi et al. (2009a)

Crust & Clough (2011)

Gerber (2011)

Chang et al. (2012)

Anthony et al. (2016)

Gucciardi (2017)

Gucciardi et al. (2017)

Cowden (2017)

Lin, et al. (2017)

Study / Review
Shin & Lee
(1994)
Clough et al.
(2002)
Golby & Sheard
(2004)
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(2005)
Crust & Clough
(2005)
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(2006)
Kuan & Roy
(2007)
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(2008)
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(2009)
Gucciardi et al.
(2009b)
Kaiseler et al.
(2009)
Marchant et al.
(2009)
Nicholls et al.
(2009)
Nizam et al.
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Sheard et al.
(2009)
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Dewhurst et al.
(2012)
Drees & Mack
(2012)
Godlewsk & Kline
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√

-

-

-

-

-

-

-

-

√

-

-

√

√

-

-

-

√

√

-

-

√

-

-

-

-

-

-

-

-

-

-

-

-

-

√

-

-

√

-

-

-

-

√

-

-

-

-

-

-

√

-

-

-

-

√

-

-

-

-

-

-

√

-

-

-

-

√

-

√

√

√

-

√
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Table 3 (cont.)
Chen & Cheesman
(2013)
Madrigal et al.
(2013)
Newland et al.
(2013)
Cowden et al.
(2014)
Crust et al.
(2014)
Hagag & Ali
(2014)
Hardy et al.
(2014)
Mahoney et al.
(2014)
Meggs et al.
(2014)
Weiser & Thiel
(2014)
Arthur et al.
(2015)
Cowden & MeyerWeitz (2015)
Delaney et al.
(2015)
Gucciardi et al.
(2015)
St Clair-Thompson
et al. (2015)
Cowden
(2016)
Gucciardi et al.
(2016)
St Clair-Thompson
et al. (2017)

-

-

-

√

-

-

-

-

√

-

-

-

-

√

-

-

-

-

√

-

-

-

-

-

√

-

-

-

√

-

-

-

-

-

√

-

√

√

√

-

-

-

-

√

-

-

-

-

√

-

-

√

√

-

√

-

-

-

√

-

-

-

-

-

√

√

√

√

-

√

-

-

-

-

√

-

-

-

√

-

√

√

-

√

-

-

-

-

√

Studies Included
2
2
0
0
2
9
2
3
5
4
19
13
% of Included
29
25
13
57
10
13
10
49
33
Studies Available
%
%
0%
0%
%
%
%
8%
%
%
%
%
Note. The studies referenced in the reviews listed in chronological order (y-axis) with the earliest studies listed at the
top and the most recent studies at the bottom. The review studies are also listed in chronological order from left to right
(x-axis). The checks indicate the study was included in the review, while the shaded area represents the performance
literature available at the time the review was conducted. Bolded studies were cited three or more times by the reviews
as evidence for or against the MT and performance relationship.
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The majority of reviews seemed to suffer from limited sampling, but the size of
the sample was also dependent upon the available literature. For example, Crust’s (2007)
review sampled only two studies (29%), with seven total studies available to be
summarized at the time the review was conducted (see Table 3). In their review in 2011,
Crust and Clough again cited only two of 16 available studies (13%) to conclude an MT
and performance effect. A number of alternative samples of two studies would have
certainly produced different results, as demonstrated by the study of Golby and Sheard
(2003) as well as Nicholls et al. (2009), which did not find an MT effect, or the studies by
Sheard and Golby (2006) and Kuan and Roy (2008), which found mixed results. Even the
two most recent reviews of Lin et al. (2017) and Cowden (2017) with the largest sample
sizes, missed more than half of the studies, sampling 33% and 49% respectively. To be
fair, each of these reviews attempted to narrow the inclusion criteria to athletic (Cowden,
2017) and non-athletic (Lin et al., 2017) samples respectively. However, each review
neglected notable opportunities to more exhaustively summarize the available evidence
within their inclusion criteria. The most comprehensive sample of the performance
studies was the literature review by Gerber (2011), who considered 56% of the available
studies, but even this percentage creates a large enough discrepancy to introduce selection
bias, producing potentially confounding or spurious conclusions.
It must be noted this list of studies (see Table 3) is strictly limited to the
performance investigations cited in the 12 literature reviews and may not be entirely
exhaustive. The comprehensiveness of this list of studies is dependent upon the depth and
breadth of the search and selection procedures employed by the reviewers. Therefore, the
percentages of available literature presented in Table 3 may be in fact understated if
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additional performance studies are found to have been conducted in the same time frame.
This also indicates the threat of selection bias may be understated as well.
A pair of problematic trends appeared in the sampling procedures of the literature
reviews. With the exception of Gerber (2011), reviews typically selected more recent
studies to summarize and disregarded much of the previous literature. For instance, both
the Gucciardi (2017) and Gucciardi et al. (2017) reviews did not review the performance
literature prior to 2013. Moreover, reviewers frequently tended to select studies
previously discussed by a prior review; this was especially true for literature reviews that
shared similar authors. The sampling of more recent studies and resampling the same
studies directly impact selection bias and require further critical attention.
Summarizing evidence from individual studies using a common metric. For
the evidence in one study to be meaningfully compared to the evidence in another study,
it must be synthesized into a common metric. This can be done by calculating and
reporting correlation coefficients or by calculating a standardized mean-difference effect
size. The evidence may then be quantitatively compared across studies, allowing the
reader to practically appraise MT effects from a single investigation or from the entire
body of evidence. The degree to which the reviews synthesized and reported data in a
common metric must be assessed to see whether the conclusions drawn by the reviews
are justified.
Only three of the literature reviews (25%) reported statistical data on the
relationship between MT and performance. Crust (2007) reported an overall correlation
coefficient, two subscales correlation coefficients, and a p-value from a sample of two
studies. Gucciardi et al. (2017) reported four different measures of effect size from a
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sample of four studies. The Cowden (2017) review reported less than or greater than as
well as specific p-values for each of the 19 studies sampled, and 19 correlation
coefficients were also reported, with the majority of coefficients reported from a single
study. The remaining nine reviews (75%) failed to report any performance-related
statistical data whatsoever. Instead, study results were reported in vague generalities, such
as MT being “associated positively with performance” based on the cited evidence
(Gucciardi, 2017, p. 20; see Table 1). This prevents any meaningful conclusions
concerning the magnitude and consistency of the relationship between MT and athletic
performance from being drawn.
Of the reviews reporting statistical data, only the Cowden (2017) review formally
synthesized the performance data into a common metric. The small number of studies
included in the reviews by Crust (2007) and Gucciardi et al. (2017) were not synthesized
or integrated; however, the reviewers still attempted to draw conclusions regarding the
MT and athletic performance relationship. The studies selected only reported a positive
relationship, but without integration, leaving no way to assess the magnitude of the
relationship. Even Gucciardi et al.’s (2017) performance conclusion would have certainly
been bolstered had the researchers computed an aggregate effect size from the data
reported.
Cowden (2017) summarized data into two categories, with studies either finding a
statistically significant effect or not. The majority of the outcomes in the studies reviewed
by Cowden (76%) showed a significant relationship between MT and athletic
performance. Cowden provided no calculation of total statistical significance nor of an
overall effect of MT. Though nearly half the studies Cowden reviewed reported

61

correlation coefficients, still he made no attempt to compare or synthesize this data.
Cowden (2017) also did not attempt to calculate an effect size from 11 of the 21 studies
included in the review that reported statistical data but did not report any effect sizes. It
appears that even the best attempts at reviewing the MT literature have failed to calculate
the magnitude of the MT/athletic performance relationship.
Covariation of subject and study characteristics with outcomes. To fully
summarize what is known about the relationship between MT and athletic performance, a
review must include a thorough synthesis of the subject and study characteristics found in
each investigation. This data adds specificity to the relationship by allowing the reader to
evaluate for whom and under what circumstances MT is most effective at improving
performance. Accurately reporting subject characteristics may provide some of the most
crucial MT conclusions, such as MT offering more benefits to youth athletes versus
professional athletes, or that male athletes see greater performance increases than female
athletes, or perhaps that certain sports are more likely to benefit from MT interventions.
With proper delineation of study characteristics, reviews may show how evidence varies
from correlational to experimental inquiries, with how MT is defined and measured, and
with how well a study is designed.
Subject characteristics. The performance studies (Table 3) extracted from the
reviews present an abundance of data about the relationship between MT and athletic
performance from a variety of participants and contexts, including athlete samples from
different genders and the different sports of basketball, cricket, cross-country, Esports,
fencing, football, mixed martial arts (MMA), rugby, wrestling, and wushu martials arts.
Many studies sampled participants from multiple sports and multiple participation levels,
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ranging from no experience to elite international players. Other participant samples
included high school and college students and workforce samples of employees and
managers, while military samples included recruits, para-recruits, and special forces
trainees.
Potentially, this subject data may detail the strength of the relationship between
MT and athletic performance across several different contexts and more completely
describe how the effect of MT varies. Only two reviews (17%) detailed the subject
characteristics of the underlying evidence. Anthony et al. (2016) reported participant
characteristics strictly for qualitative MT development studies, leaving Cowden’s (2017)
review as the sole review to summarize the characteristics of each performance study in
its sample. Unfortunately, Cowden (2017) did not analyze how MT results varied across
these characteristics to see whether the effect of MT varied significantly by participant or
context characteristics.
Study characteristics. The reviewed studies (Table 3) utilized different
methodological techniques. No true experiment studies were referenced in the reviews,
but three of the 39 studies (8%) employed a quasi-experimental design that tested various
MT interventions from pre- to post-test. The remaining 36 studies (92%) utilized
primarily group comparison or correlational study designs. Three reviews (25%)
expressed concerns over the large majority of evidence emanating from cross-sectional,
correlational designs; however, none analyzed the data to look at differences those
designs may have generated. Only Cowden (2017) detailed the study characteristics for
each of the performance investigations reviewed.
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MT definitions. Definitions reported or referenced in the reviews as well as
different iterations are shown in Table 4. Eighteen different or updated definitions were
reported in the reviews with more than three times as many MT attributes also appearing
in the reviews. Various inquiries in addition to the literature reviews (17%) by Gucciardi
et al. (2009a) and Gucciardi (2017) undertook the issue of specifically defining or
redefining MT, yet there remains no clear consensus by researchers as to what exactly
MT is (Gerber, 2011; Chang et al., 2012; Lin et al., 2017). Many reviewers acknowledged
this ongoing conceptual debate and discussed a variety of conceptual issues but did not
investigate the matter further (Crust & Clough, 2011; Anthony et al., 2016; Cowden,
2017; Lin et al., 2017). When it came to estimating the strength of the relationship
between MT and athletic performance, the reviews failed to consider the MT definition as
a key study characteristic. More importantly, the reviews failed to consider whether the
performance-enhancing effects of MT vary depending upon how MT is defined.
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Table 4
Review-Referenced Definitions
Original
Source
Loehr,
1982, 1986, 1995

Jones et al., 2002 /
Thelwell et al. 2005

Clough et al. 2002

Gucciardi et al. 2008

Gucciardi et al. 2009a /
Coulter et al. 2010

Deﬁnition
Toughness is the ability to consistently perform toward the upper
range of your talents and skill regardless of competitive
circumstances.
Mental toughness is having the natural or developed edge that enables
you to: (i) generally [always], cope better than your opponents with
the many demands (competition, training, lifestyle) that sport places
on a performer; (ii) speciﬁcally, be more consistent and better than
your opponents in remaining determined, focused, conﬁdent, and in
control under pressure
Mentally tough individuals tend to be sociable and outgoing; as they
are able to remain calm and relaxed, they are competitive in many
situations and have lower anxiety levels than others. With a high sense
of self-belief and an unshakeable faith that they control their own
destiny, these individuals can remain relatively unaffected by
competition or adversity
Mental toughness is a collection of values, attitudes, behaviours, and
emotions that enable you to persevere and overcome any obstacle,
adversity, or pressure experienced, but also to maintain concentration
and motivation when things are going well to consistently achieve
your goals
Mental toughness is a collection [the presence of some or the entire
collection] of experientially developed and inherent sport-specific and
sport-general values, attitudes, emotions, and cognitions [and
behaviors] that influence the way in which an individual approaches,
responds to, and appraises both negatively and positively construed
pressures, challenges, and adversities to consistently achieve his or her
goals.
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Number of
Citations
672

922 /
287

579

376

195 /
171

Table 4 (cont.)
An unshakeable perseverance and conviction towards some goal
despite pressure or adversity.
The quality [personality trait] which determines in large part how
Clough & Strycharczyk
people deal effectively with challenge, stressors and pressure…
2012 / 2015
irrespective of prevailing circumstances
Mental toughness is the ability to achieve personal goals in the face of
Hardy et al. 2014
pressure from a wide range of different stressors
Mental toughness is a personal capacity to produce consistently high
Gucciardi et al. 2015 / levels of subjective (e.g., personal goals or strivings) or objective
Gucciardi & Hanton
performance (e.g., sales, race time, GPA) [on a regular basis] despite
2016
everyday challenges and stressors as well as signiﬁcant adversities.
[varying degrees of situational demands.]
Multidimensional construct, comprising innate and learned personal
Cowden
resources, that facilitate the consistent performance optimization and
2016 / 2017
pursuit of excellence despite exposure to positive and negative
situational demands.
MT can be defined as a state-like psychological resource that is
Gucciardi 2017
purposeful, flexible, and efficient in nature for the enactment and
maintenance of goal-directed pursuits.
Middleton et al. 2011

18
102 /
7
91
187 /
21

20 /
22
47

Note. The table reports discussed or referenced definitions of MT according to current reviews of the literature. Underlined terms or
phrases were revised in a subsequent study, being replaced by the bracketed term or phrases. The definition by Jones et al. (2002) was
revised by Thelwell et al. (2005), Gucciardi et al. (2009a) by Coulter et al. (2010), Clough & Strycharczyk (2012) by Strycharczyk &
Clough (2015, 2nd Eds.), and the Gucciardi et al. (2015) definition was modified by Gucciardi & Hanton (2016). Cowden (2016) and
(2017) definitions varied in terminology but not content. Number of citations is as reported by Google Scholar in 2020.
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Definitions that have existed longer (e.g., Loehr, 1995; Jones et al., 2002; Clough
et al., 2002) have understandably been cited more often, with Jones et al.’s (2002)
definition of MT receiving the most references (see Table 4). Nevertheless, it is important
to note that though Loehr’s (1982, 1986, 1995) popular press definition and
conceptualization has received a fair number of citations (672), despite some reviewers
dismissing the definition as “anecdotal” or based on “personal opinion” (Connaughton et
al., 2008a, p. 202; Gucciardi et al., 2009a). Another important trend concerns the
definitions put forth by Gucciardi et al. (2008, 2009a, 2015, 2016). When added together,
the Gucciardi definitions were cited more frequently than those of Clough et al. (2002),
who also developed the MTQ48 and MTQ18. While number of citations does not
determine which definition of MT exhibits the most validity, it does demonstrate which
concepts are gaining attention and allows the differences between those concepts to be
discussed and analyzed further.
For instance, there appear to be four persistent questions that preclude researchers
coming to a definitional consensus on MT. First, is the construct an inheritable trait-like
concept with major genetic components, or is it a learned, state-like concept that is
trainable in athletes? Second, is the construct contextual, varying by sport or sporting
situation or even dependent on the experience of the athlete in a particular context, or is it
more universal, persistent, and transferable across situations and contexts? Third, what
are the purported performance-enhancing effects of the concept? Some researchers argue
MT is an objective performance enhancer assisting the elitist of athletes to succeed
against competitors, while others contend MT is a subjective or relative performance
enhancer supporting goal attainment and individual accomplishments. Finally, is MT a
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multidimensional or unidimensional construct? Early reviews overwhelmingly concluded
MT is a multidimensional construct consisting of explicitly enumerated attributes that
collectively aid performance. However, recent reviews postulated that MT is better
characterized as a more unidimensional construct, supposing MT comprises the ability to
mobilize or utilize any and all available resources to increase performance (Gucciardi et
al., 2015; Gucciardi, 2017).
The evolution of MT definitions has evidently come full circle. Loehr’s (1995)
early and widely cited definition came under scrutiny as too general, anecdotal, or
analogous to mental skills training (Crust, 2007; Connaughton et al., 2008a; Chang et al.,
2012). Highly detailed definitions with specific characteristics derived from observing
the most successful athletes quickly rose to prominence, until the validity of absolutist
assertions failed to logically characterize the construct (Andersen, 2011), raising
questions as to whether the most successful athletes alone merit the designation “mentally
tough” or if a required attribute such as outgoingness (Clough et al., 2002) or confidence
(Jones et al., 2002) is indeed indicative of a mentally tough athlete. If MT is only present
in a highly successful athlete, are unsuccessful athletes then by definition “mentally
weak”? The most current definitions have an uncanny resemblance to Loehr’s (1995)
original yet simple definition, that MT produces consistently high levels of subjective or
objective performance despite everyday challenges (Gucciardi et al., 2015; Gucciardi &
Hanton, 2016). In the MT reviews of the literature spanning more than 10 years of
investigation, researchers appear only slightly closer to validly defining the construct of
MT. A fundamental need remains to further examine the MT literature to assess the
validity of the prevailing definitions and reveal which has garnered the most empirical
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support. Additionally, such analysis may settle the major unresolved disputes in defining
MT.
MT measurements. Lingering questions surrounding MT definitions have not
dissuaded researchers from attempting to measure the concept, which is undoubtedly the
most pressing paradox revealed by the analysis of past reviews. A clearly articulated
theory and definition is the foundation of a valid construct (Cronbach & Meehl, 1995;
Smith, 2005), and without a meaningful understanding on exactly what constitutes MT,
measuring becomes problematic to say the least. Of the 12 reviews previously discussed,
only seven (58%) discussed MT instrument strengths and weaknesses (see Table 5). In
those discussions, the validity of the instruments in connection to the corresponding
definition was rarely, if ever, mentioned. In fact, definitions and underlying theoretical
positions on MT are almost completely kept separate and distinct from instrumentation. It
is as if theoretical debates suddenly ceased, and reviews assumed all instruments were
measuring the same construct of MT.
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Table 5
Literature Reviews Analysis of MT Instruments

Instrument (Items)

Crust
2007

Crust
2008

Connaughton
et al. 2008a
Poor
psychometric
properties, No
reliability /
validity data,
Unclear
development

PPI42
Loehr 1986

Poor
psychometric
properties,
Unclear
development

MTQ48
Clough et al. 2002

Sound testretest and
internal
consistency,
No rationale
for hardiness
subscales

Adequate
psychometric
properties

Poor
psychometric
properties, No
distinction
from hardiness

MTQ18
Clough et al. 2002

-

-

-

MTI67, MTI36
Middleton et al. 2004
/ 2006

-

Strong
psychometric
properties

-

-

MTQ11
Cherry 2005

-

-

-

PPIA14
Golby et al. 2007

-

Adequate
psychometric
properties

-

Gerber
2011

Chang et al.
2012

Gucciardi
2017

Lin et al.
2017

Anecdotal /
broad
definition,
Inadequate
factor
correlations

Broad
definition, No
reliability /
validity data

-

-

Correlates with
related
constructs,
Poor subscale
consistency,
Needs
additional
factor analysis

Sound testretest and
internal
consistency,
No rationale
for hardiness
subscales

Poor
psychometric
properties, No
distinction
from hardiness

Highly used,
“Standard”
Instrument

-

-

-

-

-

-

-

-

-

-

-

-

-

Strong
psychometric
properties,
internal
consistency,
and construct
validity
Poor subscale
consistency
Adequate
psychometric
properties,
Lacks
dimension of
control
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Table 5 (cont.)

Instrument (Items)
MeBTough43
Mack & Ragan 2008

Crust
2007

Crust
2008

Connaughton
et al. 2008a

Gerber
2011

Chang et al.
2012

Gucciardi
2017

Lin et al.
2017

-

-

-

-

-

-

-

Sound internal
consistency,
Unclear
development
Limited
context, Sound
reliability /
factor validity,
Related
correlations
Limited
context, Sound
reliability /
factor validity,
Related
correlations

Sound internal
consistency
and content
validity

-

-

Sound internal
consistency

-

-

-

-

-

SMTQ14
Sheard et al. 2009

-

-

-

AfMTI24
Gucciardi et al. 2009b

-

-

-

CMTI15
Gucciardi & Gordon
2009

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Arbitrarily
reduced items

MTS11
Madrigal et al. 2013
MTI8
Hardy et al. 2014
VMTQ20
Hardy et al. 2014
MTI8
Gucciardi et al. 2015

MTMTI6
Arthur et al. 2015
Note. This table reports the degree to which a particular reviewer and subsequent review reported data concerning known MT instruments. Reviews are listed
horizontally (x-axis) and instruments are listed vertically (y-axis). Shaded regions refer to instruments that were not discussed or analyzed by the authors of the review.
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Many reviews considered Loehr’s definition of MT as a relative performance
enhancer to be too broad (Gerber, 2011; Chang et al., 2012) or akin to using mental or
psychological skills training (Connaughton et al., 2008a). Gerber (2011) reviewed a study
by Golby, Sheard, and Lavallee (2003) in which the PPI (Loehr, 1982) was used to
differentiate the performance level of athletes in terms of MT. When the results indicated
the PPI did not sufficiently discriminate between the levels of performance, Gerber
(2011) concluded this study provided evidence against the PPI as a valid form of
measurement, despite the PPI originating from the definition that mentally tough athletes
will perform better only relative to their talent and skill. Every empirical investigation of
a theoretical construct tests many hypotheses, including the instrument and also the
underlying theory of the construct (Cronbach & Meehl, 1995; Smith, 2005).
Fifteen different MT instruments were discussed or referenced in the reviews
(Table 5). Six of the 15 (40%) received no critical analysis or attention, with the
remaining nine instruments receiving haphazard evaluations. The most common
assessments reported by the reviews were typically ambiguous terms such as “adequate”
(Crust, 2008, p. 578) or “inadequate psychometric properties” (Crust, 2007, p. 297),
preventing any meaningful comparison. For instance, the only test-retest reliability
coefficient reported was in support of the MTQ48, while no reviews reported test-retest
coefficients on the other instruments (Crust, 2007; Gerber, 2011; Chang et al., 2012).
Most instruments (67%) measure MT as a multidimensional construct with
various dimensions contributing to an overall MT score. Early reviews argued this aspect
of measurement was an applied and practical strength of the instrument giving coaches
the ability to diagnose MT deficiencies along a specific dimension and intervene to
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improve athletic performance. Since 2013, five new instruments have been reported or
referenced, with four being unidimensional instruments. These instruments may support
the more recent supposition that MT is not purely a compilation of attributes but rather
the ability to develop and mobilize different attributes and psychological resources
singularly to achieve individual goals and pursuits (Gucciardi & Hanton, 2016;
Gucciardi, 2017). No comparison or analysis of multidimensional and unidimensional
instruments was conducted in the reviews.
The two most reviewed instruments were the PPI (Loehr, 1982) and the MTQ48
(Clough et al., 2002), which were reviewed five and seven times, respectively. The
remaining instruments (86%) were discussed by two or fewer reviews. Though many
researchers have utilized the PPI in their research of MT, it has been generally dismissed
as anecdotal by reviewers because its development was not as scientifically rigorous as
other instruments, nor were the details of its development published in a scholarly or
peer-reviewed journal (Connaughton et al., 2008a; Gucciardi et al., 2009a). Additionally,
the PPI was primarily deemed an invalid measurement tool based on the factor analysis
conducted by Middleton et al. (2004), and the results of other investigations utilizing the
measure went unreviewed.
The most examined instrument was the MTQ48 (Clough et al., 2002), which was
examined by all seven of the reviews summarizing matters of MT instrumentation. The
most recent review concluded the MTQ48 was the most widely researched and utilized
measure, concluding it was the “standard” measure of MT (Lin et al., 2017, p. 2). Lin et
al.’s claim was not supported by any evidence or analysis, and this conclusion contradicts
the summaries of many previous reviews. It should also be noted an author in the Lin et
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al. (2017) review was the lead author of research developing the MTQ48 (Clough et al.,
2002). Five of the previous six reviews (83%) notably questioned its validity as a
measure of MT, with four of those reviews arguing the MTQ48 was developed
unjustifiably by assimilating hardiness factors into an MT scale that incorporated a
measure of confidence (Crust, 2007; Connaughton et al., 2008a; Chang et al., 2012;
Gucciardi, 2017). While the fifth review contended the subscales needed more factor
analysis, the MTQ48’s continued use could provide more data to better analyze subscale
inconsistencies (Gerber, 2011).
It is difficult to determine what practical instrumentation conclusions may be
drawn from the reviews. None of the reviewers considered instrumentation an important
study characteristic in the context of performance, nor did the reviews analyze the
outcomes presented in the evidence to see if the results varied depending upon
instrumentation. Even without this analysis, it is unclear whether any of these 15
instruments (Table 5) can validly measure an athlete’s MT. The reviews very narrowly
discussed an instrument’s ability to assess the related theory. The data summarized was
often vague or limited to a variety of dissimilar coefficients. The two most reviewed
instruments, the PPI (Loehr, 1986) and the MTQ48 (Clough et al., 2002), present difficult
challenges in assessing their construct validity. As for the remaining instruments, too little
information has been put forth to make an informed assessment as to which might more
validly measure MT.
Methodological quality. Another study characteristic vital to drawing valid
conclusions about the relationship between MT and athletic success is the methodological
design of the investigation. A well-designed, randomly assigned, and well-controlled
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experimental study of MT investigating sport-specific performance outcomes may offer
more convincing evidence about the relationship between MT and athletic success than a
host of poorly designed correlational studies investigating the relationship between a poor
MT measurement and other arbitrary metrics (Guyatt et al., 2011; Gucciardi, 2017).
The opposite is also true for less robust experimental studies, as seen in the study
by Bell et al. (2013), discussed in the review of Gucciardi et al. (2017). Bell et al.’s
(2013) quasi-experimental investigation exhibited major drawbacks undermining the
internal validity of the results. This poorly controlled study displayed major issues
involving selection, instrumentation, and statistical analysis of the data, yet this study was
cited more than any other as evidence of the performance-enhancing effects of MT (see
Table 3). In comparison, Nicholls et al. (2009), discussed in the Chang et al. (2012)
review), measured MT using the MTQ48 (Clough et al., 2002), in which MT scores did
not significantly differentiate between international, national, county, club/university, and
beginner athletes (Wilks’s Λ = 0.96; p = 0.25), leaving the reader to conclude mentally
tough athletes do not necessarily go on to higher levels of competition. These two
examples make it difficult to conclude whether MT and performance are significantly
correlated and begs the question, which evidence is more convincing?
None of the reviews examined how study outcomes covaried with the rigor of the
study design, despite recent calls for reviewers to do so (Gucciardi, 2018). In other
words, of the 39 performance-related studies examined in one or more of the reviews (see
Table 3), none were critically examined for methodological quality. Such analyses could
have major implications for the conclusions drawn about the relationship between MT
and athletic success. For example, does evidence that supports the MT/performance
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relationship exhibit methodological concerns threatening its validity? And if evidence
which found no significant relationship was well-designed, should that evidence
outweigh the evidence of poorly designed studies? To find answers to these questions, a
more sophisticated look at the study characteristics is needed.
Were conclusions of previous reviews clearly linked to the evidence? From
this body of evidence, seven of the 12 literature reviews (58%) concluded MT is
positively associated with objective athletic performance, even though the magnitude of
this relationship was not clearly stated. Each generally agreed that mentally tough
athletes perform better than athletes who have less MT. The most extreme position was
taken by Connaughton et al. (2008a), who suggested only “superelite participants” or
those who had achieved the “ultimate outcome” in their respective sports were indeed
mentally tough and should be studied further (p. 200). Many other reviewers claimed in
general terms the evidence supported an association between MT and performance
(Crust, 2007; Crust & Clough, 2011; Anthony et al., 2016; Cowden, 2017; Lin et al.,
2017). Though Gerber (2011) concluded there was a relationship between MT and
athletic performance, the researcher cautioned this effect may be overstated.
The review by Chang et al. (2012) was the only one of 12 reviews to indicate a
nonsignificant relationship between MT and performance, but the researchers qualified
this conclusion by advocating increased inquiry into performance, investigating specificsport differences, and broadening subject sampling beyond elite athletes. The remaining
four reviews also concluded MT was at minimum associated with subjective performance
increases or that performance increased relative to talent or ability. Three reviews
characterized relative performance increases as the achievement of individual or personal
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goals which may or may not lead to objective performance enhancement beyond that of
the competition (Gucciardi et al., 2009a; Gucciardi, 2017; Gucciardi et al., 2017). In total,
these five reviews suggest MT may not be an objective performance enhancer.
Despite concluding a relationship between MT and performance, five of the 12
reviews (including four of the seven which concluded an objective performance
association) admitted the causal mechanisms are largely unknown. Essentially, reviewers
were unable to articulate exactly how MT works to positively influence performance. For
instance, are there specific attributes necessary to promote increased performance, or
does MT involve a larger collection of a variety of resources? Four reviews concluding
an objective performance relationship agreed that MT attributes had been sufficiently
identified and that there was extensive overlap in observed MT attributes. However, none
of the reviews included an integration of attributes, quantified attribute correlations with
performance, or proposed a model of MT performance. The three most recent reviews
reported that specific attributes were not vital to MT and rather that the ability to mobilize
and integrate attributes led to performance enhancement.
Even though an explanation of how MT improves athletic performance was not
provided, 11 of the 12 reviewers concluded an association between MT and either
objective or subjective performance. It is critical to consider how these conclusions were
reached and whether they were based on evidence. None of the reviews examined all the
available performance evidence in drawing their performance conclusions, with 92% of
the reviews considering less than 50% of the available evidence (see Table 3). The
Connaughton et al. (2008a) review did not summarize any quantitative performance
evidence (with 0 of 8 studies available), but it concluded the strongest support for the
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relationship based largely on a limited number of qualitative research studies previously
presented by the same group of authors. Conversely, Chang et al. (2012) concluded more
research was necessary to quantify the effect, which was based primarily on two of 20
available studies that were unable to discriminate between athlete performance levels
(Golby & Sheard, 2004; Nicholls et al., 2009).
Gerber (2011) examined the highest percentage of available evidence (9 of 16
available studies, concluding a slight effect. Exactly how slight was not determined and
has yet to be answered by any review of the literature. No standardized mean difference
effect size or correlation coefficient data has been analyzed to answer this question. The
review by Cowden (2017) was the only review to formally integrate the evidence by
percentage of studies finding a statistically significant correlation, but even these
percentages are misleading in that much the evidence from even a single study was not
systematically synthesized. If a study found a single significant difference or correlation
in support of the MT/performance relationship, the entire study was included in the
percentages of studies finding an effect, regardless of how much evidence the same study
produced that showed no relationship. The percentage of studies finding an effect may
grossly overstate the actual evidence supporting the relationship.
There is simply no summarized evidence illuminating when or for whom MT is
an effective performance enhancer. Even the most basic characteristics, such as
definitions and instruments, have gone unexamined, with four of the seven reviews that
assert mentally tough athletes perform objectively better acknowledging MT has not been
conclusively defined. Five of those seven reviews also questioned the validity of the
instruments used to assess MT. The only valid conclusion that can be drawn from these
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reviews is that evidence of the MT and athletic performance relationship has not been
analyzed in a way that allows clear and convincing conclusions to be drawn. As the body
of literature continues to grow, so does the need for a comprehensive review. Systematic
or integrative review methods using meta-analysis techniques could answer the most
pressing questions about the relationship between MT and athletic performance.
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Chapter 3
Methodology
This review was conducted in accordance with review guidelines for metaanalyses (Glass, 1976, 1977) as well as systematic and integrative reviews (White, 1982;
Moher et al., 2015; Shamseer et al., 2015). To determine the size and magnitude of the
relationship between MT and athletic performance, this review built upon the evidence
uncovered in previous reviews and incorporated evidence revealed after a detailed
systematic search of the literature. After an exhaustive sample of MT and performance
studies was collected, data from those investigations was extracted and coded for
synthesis and analysis (Moher et al., 2015; Shamseer et al., 2015). Synthesis included
computations of statistical conclusion data into a common metric (Glass, 1977; Taylor &
White, 1992). The outcomes of each study were analyzed alongside subject and study
characteristics (Glass, 1976; Taylor & White, 1992). Clear and explicit protocols allow
readers to replicate any evidence-based conclusions drawn from the resulting metaanalysis (Moher et al., 2015; Taylor & White, 1992).
Literature Search Procedures
A comprehensive search of the MT literature was conducted using electronic
databases and explicitly outlined to allow for replication or extension (Moher et al., 2015;
Shamseer et al., 2015). The EBSCOhost search application was utilized with the
following databases selected: Academic Search Complete, APA PsycArticles, APA
PsycInfo, APA PsycTests, Applied Science & Technology, Business Source Complete,
Education Research Complete, MEDLINE, Mental Measurements Yearbook with Tests in
Print, Science Reference Center, and SPORTDiscus with Full Text. Title, body text, and
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key words searches consisted of the term mental toughness as well as terms to indicate
athletic performance enhancement, success, and achievement. Grammatical variations
such as mentally tough and successful were also utilized. The 39 studies extracted from
the reviews in Table 3 were added to the total number of investigations produced from the
search. Search procedures and acquisition of full-text electronic versions of the articles
were conducted with the help of an expert university librarian. An example screen capture
of search procedures and terminology is provided in Figure 1 of the Appendix (Shamseer
et al., 2015).
Inclusion Criteria
Search parameters were narrowed by removing exact duplicates and retaining
only peer-reviewed or scholarly journal investigations conducted in the English language
(see Figure 2). No limiting parameters were set according to the date of publication.
Theoretical, review, and case study investigations were excluded, whereas studies
included utilized quantitative methods for measuring MT in conjunction with quantitative
metrics of sports performance, sports achievement, or sport-related outcomes where a
correlation coefficient could be calculated. Investigations were further excluded
depending upon the availability of statistical data. Studies reporting all or some metrics
such as sample size, instrumentation metrics, outcome means, standard deviations,
measures of statistical significance, correlation coefficients, and measures of effect size
were considered for analysis.
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Articles identified through initial search
consisting of “mental toughness” and
“performance” terminology as well as variations.
1087
Retained articles updated to include review study
evidence Table 3).
1126

Review studies, 39 (Table
3) added to retained
articles.

Peer-reviewed journal articles conducted in the
English language retained.
712

Removal of nonscholarly and nonEnglish works.

Articles retained for methodological screening.

Removal of duplicates.

353

Full-text, investigations of MT and performance
retained.
96

Investigations of athlete samples and sportrelated outcomes with appropriate statistical
reporting retained.

70

Removal of theoretical,
review, and case study
(n < 5) articles.

Removal of articles with
military, employee, &
student samples along
with articles lacking
statistical reporting.

Figure 2. Flow Chart of Literature Search and Retention Procedures. This figure presents
a detailed sequencing of the literature search procedures as well as the process for
including and excluding research articles for the meta-analysis sample. A total of 70
studies were selected for analysis.
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Finally, if MT is considered the quintessential sport performance theory, it is
imperative to more fully understand the construct in athletic samples and populations
before the relationship may be generalized to other populations. While many studies have
examined the MT and performance relationship in military, employee, and student
samples, the current analysis will include only samples of athletes, sports-related
participants competing in sport-related outcomes, students competing in sport-related
outcomes, and sample comparisons between athletic and non-athletic samples and among
athletes at various levels of competition.
Selected Studies (Data Set)
In total, 70 articles were selected for analysis over the course of the current study.
Should additional articles be uncovered, the evidence from those investigations will be
included for review (see Table 6). This set of articles comprised a comprehensive
compilation of evidence reporting a quantifiable relationship between mentally tough
athletes and athletic performance. The vast majority of studies use correlational or group
comparison designs to quantify the magnitude of the relationship, whereas a small
number of studies used experimental or quasi-experimental designs testing various MT
interventions to improve performance. Not all the experimental studies utilized a control
group, but all utilized some form of pre-test, intervention, and post-test design.
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Table 6
Studies Included for Analysis
Author
Shin & Lee
Golby et al.
Golby & Sheard
Cherry
Crust & Clough
Sheard & Golby
Kuan & Roy
Mack & Ragan
Crust
Crust & Azadi
Gucciardi et al.
Kaiseler et al.
Nicholls et al.
Nazim et al.
Sheard
Sheard et al.
Crust & Azadi
Singh & Kumar
Abdelbaky
Drees & Mack
Gao et al.
Ghasemi et al.
Weissensteiner et al.
Bell et al.
Chen & Cheesman
Madrigal et al.
Newland et al.
Cowden
Guillén, & Laborde
Hagag & Ali
Hardy et al.
Hardy et al.
Mahoney et al.
Meggs et al.
Wieser & Thiel
Grgurinović & Sindik
Mostafa
Ragab
Beckford et al.
Cowden
Cowden & Meyer-Weitz
Gucciardi et al.
Haugen et al.
Schaefer et al.
Slimani et al.
Petho
Beattie et al.
Danielsen et al.
Gucciardi et al.

Year
1994
2003
2004
2005
2005
2006
2007
2008
2009
2009
2009b
2009
2009
2009
2009
2009
2010
2011
2012
2012
2012
2012
2012
2013
2013
2013
2013
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
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Table 6 (cont.)
Tredrea et al.
Álvarez et al.
Christensen et al.
Doherty et al.
Doshay
Giles et al.
Kristjánsdóttir et al.
Raudsepp & Vink
Vaughan et al.
Vaughan et al.
Zeigler & Zeigler
Jones
Jones & Parker
Kristjánsdóttir et al.
Li et al.
Mack
Meggs et al.
Morais & Gomes
Piggott et al.
Surat et al.
Fawver et al.

2017
2018
2018
2018
2018
2018
2018
2018
2018a
2018b
2018
2019
2019
2019
2019
2019
2019
2019
2019
2019
2020

Note. Selected studies utilized quantitative methods to measure MT and performance outcomes in athletic
or sport samples and reported sufficient quantitative results for analysis.

Data Extraction and Coding
A goal of the current meta-analysis was to examine as much of the evidence for
the MT‒performance relationship as possible. Correlation coefficients were extracted
from the studies analyzing continuous data. Where correlation coefficients were not
reported or where group comparison analysis was conducted, extracted statistical data
was used to calculate a point biserial correlation coefficient by manipulating the formula
(White, 1982, p. 465; see also Glass & Stanley, 1970; Glass & Hopkins, 1996):
𝑡2 = 𝑟2

𝑁−2
1 − 𝑟2

Reported t ratios and p-values as well as reported F ratios in studies performing a oneway analysis of variance were also be used to calculate a correlation coefficient. The
results of a multi-factor analysis of variance was also planned for if enough data was
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reported to attribute the appropriate amount of variance in performance to MT. Formula
examples were:
𝑡2

𝑟 = √𝑡 2 +(𝑁−2)

𝐹

𝑟 = √𝐹+𝑑𝑓

𝑒𝑟𝑟𝑜𝑟

𝑠𝑠

𝜂 = √𝑠𝑠𝐵
𝑇

An example of the proposed formulas and calculations for a group comparison study
reporting means, standard deviations, and sample sizes can be found in the Appendix (see
also Figure 2; Glass & Stanley, 1970; and Rosenthal & DiMatteo, 2001).
In the event insufficient statistical data was reported in a study, the results of the
study were still included for analysis if the data could be reasonably estimated (Taylor &
White, 1992). For example, for studies that expressed the significance of findings in
verbal phrases such as “statistically significant” or “not statistically significant” as
opposed to numerical values, calculations were estimated at the .05 significance level and
coded dichotomously on the direction of significance. Additionally, if results were
reported to be significant at the .05 level rather than a specific p-value, then a t ratio was
estimated and a correlation calculated at this level of statistical significance. Estimated
correlation coefficients were coded on this basis to assess differences between
calculations involving reported data and estimated data. Since many studies reported
multiple correlations, differences between groups, and/or effects of treatment, correlation
coefficients were numbered and coded by study.
Outcome variables. There was substantial variability in the operationalization of
“performance” in these studies. Extracted performance correlations also needed to be
categorized and coded according to their objectivity (e. g. winning, in-game statistics, and
running speed) and subjectivity (e. g. increased effort, training, and performance,
controlling for ability). Additional categorization and coding of outcomes was conducted
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where appropriate and consistent with previous reviews (e. g. competitive-level,
achievement, in-sport performance, and starter versus non-starter). Another performance
code assessed whether athletes were subjected to a specific task that could objectively be
measured or their superior performance was assumed by nature of the competitive level
at which the athlete participated.
Subject and study variables. The authors, year of publication, sample size for
each study, and correlation coefficients (rxy) were numbered and coded. Glass (1977)
recommended that variables possibly contributing to the variance in outcomes be
assessed and quantified to achieve a more controlled comparison of study outcomes. The
following subject characteristics noted in the literature were extracted and coded to more
accurately account for any such variability: average age, percentage of participants that
were male, sport type, youth/adult sport, individual/team sport, contact/non-contact sport,
aerobic/anaerobic sports, amateur/elite status, and U.S./non-U.S. athletes.
To better understand which MT definition and which MT instruments garnered
the most empirical support, definitions were coded by their corresponding measurement
tool to assess the construct validity. Additionally, dimensionality of the instrument was
coded to determine whether outcomes were driven by individual dimensions or the
combined unidimensional score. Trainability and contextuality variables were also coded.
In self-report instruments, reliability coefficients like test‒retest reliability and
Cronbach’s alpha values were extracted, depending on availability. For informant-rater
instruments, agreement percentage measurements were extracted. To fully assess the
construct validity of the instrument, the degree to which a study justified the use of an
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instrument theoretically and statistically was coded on a scale of good (1), fair (2), and
poor (3).
Assessment of bias or “quality weighting”. From randomized experimental
trials to correlational observations, the design and methodology of each study presented
limitations which could introduce bias into the results. An assessment of bias within each
study contributed to the overall assessment of evidence for the relationship (Guyatt et al.,
2011; Shamseer et al., 2015). Judgments concerning bias are to some extent subjective.
Researchers frequently disagree on the seriousness and severity of study limitations
(Guyatt et al., 2011); despite this subjectivity, the assessment added an important facet to
the MT‒performance relationship, specifically examining whether the magnitude of the
relationship varied with the scientific rigor of the study.
Several methodological variables and instrument variables were taken into
consideration when appraising potential biases in an investigation. These included study
design (coded into three main categories: (1) experimental, (2) correlational, and (3)
group comparison studies), the degree to which the study accounted for confounding
performance variables, and the degree to which the study validly assessed the MT of the
participants. If the study hypothesized a particular outcome, the acceptance or rejection of
that hypothesis was extracted and coded as a manner of assessing the predictive validity.
Other quality variables were assessed during the coding process to account for major
issues. The risk of bias or “quality weighting” was then rated along a scale of good (1),
fair (2), and poor (3; Rosenthal & Dimatteo, 2001, p. 67). The coding system used to
collect and categorize secondary data from the included studies is shown in Figure 3 of
the Appendix.
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Data Integration and Analysis
Correlation coefficients were calculated and integrated to determine an average
correlation between MT and athletic performance (White, 1982; Rosenthal & DiMatteo,
2001; Borenstein, Hedges, Higgins, & Rothstein, 2009). The variability of this
relationship was analyzed in conjunction with subject and study characteristics. Average
correlation or average effect size (M) along with standard errors (SE), confidence
intervals (CI), and the number of observations (N) were included in the average effect
size calculation. Statistical differences in the average effect sizes partitioned by specific
categories or by dichotomous variables were assessed using the Bonferroni correction.
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Chapter 4
Results
These reported results first examine the entire MT and athletic performance
relationship. The magnitude of this relationship is then scrutinized by performance
outcomes and the outcomes subcodes. The various outcomes are then partitioned
according to the study or methodological characteristics followed by the key subject
characteristics reported in the literature. The change in correlation magnitude is then
assessed by comparing an assortment of study and subject variables jointly to determine
the unique circumstances in which the relationship strengthens significantly and for
which distinct athletic populations.
The Average Correlation
An additional six studies were uncovered through cross-referencing the cited
works in the current sample of studies, bringing the number of studies included in this
meta-analysis to 76 studies. From these studies, 470 correlation coefficients (rxy ) were
calculated and transformed using Fisher’s z-transformation to normalize the distribution
of each correlation (Rosenthal & DiMatteo, 2001). Of the 470 correlations, the vast
majority were positive 80.6% (N = 379), and 45.3% (N = 213) were statistically
significant. Only 6, or 1.2%, of the correlations showed a significantly inverse
relationship. The average correlation for the aggregate relationship between MT and
athletic performance resulted in a grand mean correlation of rxy = .218, SE = .014,
yielding a small positive relationship according to Cohen’s (1988) guidelines. The
frequency distribution illustrated in Figure 3 shows a relatively normal distribution with
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median correlation of rxy =.170 and SD = .295. The average correlation appears to be
modest in overall magnitude compared to suggestions by previous reviewers.

Figure 3. Frequency Distribution of Correlation Coefficients. Frequency distribution of
470 correlation coefficients measuring the relationship between MT and athletic
performance from a total of 76 studies.
Performance Outcomes
There is substantial variability in operationalization of the term performance. The
performance outcome descriptions for each correlation and reported frequency (N = 203)
are documented in Table 7. The most frequently reported performance outcomes were
competitive level (N = 81), age (N = 31), rank (N = 14), experience (N = 9), age group (N
= 9), vigorous exercise (N = 7), moderate exercise (N = 7), and tournament progression
(N = 6; see Table 7).
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Table 7
Performance Outcome Description
Performance Outcome Description
% Critical Return Pts Opponent Error
% Critical Serve Pts Opponent Error
% of 3 Consecutive Pts
% of Break Pts Won
% of Critical Return Pts Won
% of Critical Serve Pts Won
% of First Serves on Break Pts
% of First Serves Won
% of Pts Won on Even Return Score
% of Pts Won on Even Serve Score
% of Return Pts While Ahead
% of Return Pts While Behind
% of Serve Break Pts Saved
% of Serve Pts While Ahead
% of Serve Pts While Behind
20 KM Race-Walk Time
20m MST Shuttle Test
50 M Freestyle Improvement
Absorption
Adaptive Performance
Age
Age Group
Age of Selected Players
Age/Peak Height Velocity
Alignment of Expectations
All-Conference
Average Score
Backstroke 100 M
Backstroke 200 M
Backstroke 50 M
Baseline 20m MST Shuttle Test
Baseline Video Game Performance
Basketball Statistics Performance
Batting on Base
Basketball Stats Control/Female
Basketball Stats Control/Male
Beginning Dressage
Beginning Equestrian Eventing
Beginning Equestrian Showjumping
Breaststroke 100 M
Breaststroke 50 M
Breaststroke 200 M
Butterfly 100 M
Butterfly 50 M
Coachability
Competition Goal Setting
Competitive Achievements
Competitive Level
Competitive Performance Stats
Competitiveness

N
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
2
31
9
1
1
1
1
1
2
2
2
1
2
1
1
1
1
2
2
2
2
2
2
2
2
2
1
3
81
2
4
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%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.2%
0.2%
0.2%
0.4%
6.6%
1.9%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.4%
0.4%
0.2%
0.4%
0.2%
0.2%
0.2%
0.2%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%
0.2%
0.6%
17.3%
0.4%
0.8%

Table 7 (cont.)
Performance Outcome Description
Contextual Knowledge
Continuing Education
Cricket Batting Pace
Cricket Batting Spin
Cricket Practice Effort
Cricket Practice Time
Cycle Time Trial
Cycle Time Trial w/ Social Pressure
Decision Making Errors
Decrease In Double Faults
Dedication
Division I Competition Level
Early Sport Engagement
Earned Run Average
Effortful Learning
Elite Batting Cricket
Elite Status
Enjoyment
Experience
Fatigued 20m MST Shuttle Test
Finish Time
Free-Throws Made
Freestyle 100 M
Freestyle 200 M
Freestyle 400 M
Freestyle 50 M
Freshmen versus Fifth Year
Freshmen versus Junior
Freshmen versus Senior
Freshmen versus Sophomore
Future Practice Intentions
Goal Orientation
Goal Setting
Goal Setting and Preparation
Golf Handicap
Grade Point Average
Handball Shooting E vs C Group Test
Handball Shooting Pre-Post Test
Holistic Quality Preparation
Hours of Training
Hours of Training Per Week
Increased Effort
Increased Motivation
Increased Physical Activity
Intermediate Dressage
Intermediate Equestrian Eventing
Intermediate Equestrian Showjumping
Ironmen vs. Triathletes
Isometric Weight Holding
Junior versus Fifth Year
Junior versus Senior
Learned Resourcefulness

N
1
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
2
2
9
1
1
4
2
2
2
2
1
1
1
1
2
4
1
1
1
4
1
1
1
1
1
1
3
6
2
2
2
1
2
1
1
2
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%
0.2%
0.2%
0.4%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.4%
1.9%
0.2%
0.2%
0.8%
0.4%
0.4%
0.4%
0.4%
0.2%
0.2%
0.2%
0.2%
0.4%
0.8%
0.2%
0.2%
0.2%
0.8%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.6%
1.3%
0.4%
0.4%
0.4%
0.2%
0.4%
0.2%
0.2%
0.4%

Table 7 (cont.)
Performance Outcome Description
Learning
Learning Evaluation
Learning Goal Orientation
Learning Planning
Learning Reflection
Length of Participation
Long-term Development Planning
Longest Training
Match Win
Medal Winning
Medicine Ball Throw
Minutes Played
MMA Competitive Level
Moderate Exercise
Multi-Stage Fitness Test
Needs Satisfaction
Number of Completed Triathlon
Optimism
Perception of Improvement
Perception of Performance
Perception of Success
Performance Efficacy
Personal Best Triathlon
Physical Maturation Height
Physical Maturation Weight
Planning
Planning and Evaluation
Positive Affect
Post-Practice Performance
Practice
Practice Goal Setting
Practice Hours
Pre-Service Routine Improvement
Prior Races Competed
Processing Time
Proving Goal Orientation
Psychological Needs Satisfaction
Race Time
Rank
Ratio Breaks as Receiver vs. Server
Record
Routine Development
Satisfaction with Performance
Second Tier Performance
Seeking Improvement
Seeking Instrumental Social Support
Selected U16 Team
Selected U18 Team
Self-Described Improvement Ability
Self-Described Improvement Aerobic

N
1
1
2
1
1
6
1
1
1
2
1
1
6
7
3
1
1
1
2
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1
2
1
2
14
1
1
1
3
2
1
1
1
1
1
1
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%
0.2%
0.2%
0.4%
0.2%
0.2%
1.3%
0.2%
0.2%
0.2%
0.4%
0.2%
0.2%
1.3%
1.5%
0.6%
0.2%
0.2%
0.2%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.2%
0.4%
3.0%
0.2%
0.2%
0.2%
0.6%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%

Table 7 (cont.)
Performance Outcome Description
Self-Described Improvement Anaer..
Self-Described Improvement Body
Self-Described Improvement Elite
Self-Described Improvement Mental
Self-Described Improvement Skills
Self-Efficacy
Self-Efficacy Learning
Self-Esteem
Self-Evaluation
Self-Monitored Learning
Self-Perception
Senior versus Fifth Year
Skilled Group
Small Sided Games High-Pressure
Small Sided Games Low-Pressure
Sophomore versus Fifth Year
Sophomore versus Junior
Sophomore versus Senior
Sometime versus Non-Starter
Sometime versus Non-Travel
Sport Diversification and Literacy
Sport-Specific Training
Sprint Finals Track and Field
Starter
Starter versus Non-Starter
Starter versus Sometime-Starter
Suppressing Competing Activities
Swimming Race Time
Task Knowledge
Top Ten Performance
Tournament Progression
Training
Training and Instruction
Training Hours Per Session
Training Hours Per Week
Training Minutes
Training Years w/ Coach
Travel versus Non-Travel Team
Travel versus Sometime Team
Unforced Error of Return
Unforced Error of Serve
Upperclassman Secondary School
Vertical Jump
Video Game Experience
Vigor
Vigorous Exercise
Vitality
VO2 Max
Weekly Training
Win Orientation
Winning

N
1
1
1
1
1
5
1
6
2
1
1
1
1
1
1
1
1
1
1
1
1
6
1
1
1
1
1
1
2
3
6
2
1
1
1
1
1
1
1
1
1
6
3
2
1
7
1
1
1
4
2
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%
0.2%
0.2%
0.2%
0.2%
0.2%
1.1%
0.2%
1.3%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
1.3%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.4%
0.6%
1.3%
0.4%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
0.2%
1.3%
0.6%
0.4%
0.2%
1.5%
0.2%
0.2%
0.2%
0.8%
0.4%

Note. This table notes the different operationalized performance outcomes and their frequency (N = 203).

96

Study performance outcomes were coded as either objective or subjective and
were subcategorized into similar categories. For example, tournament progression, rank,
competitive level, and starter status were coded as objective performance outcomes based
on prevailing MT theories (see Jones et al., 2002; Thelwell et al., 2005; Connaughton et
al., 2008a) that argue mentally tough athletes objectively perform better than the
competition. Each code was also further subdivided into specific objective codes of
winning (win, match win, medaling, tournament progression), in-game performance
(tennis statistics, basketball statistics, cricket bowling and batting), physiological
performance (shuttle test, VO2 max, vertical jump), competitive level (club-level athletes
versus college athletes, college athletes versus professional athletes, professional athletes
versus international athletes), rank (season rank, top-ten performance), and team status
(non-starter versus starter, sometimes starter versus all-time starter, non-conference
versus all-conference) categories. It is important to note, objective codes and sub-codes
emphasized success in relation to the opponent or superior performance versus the
competition or a competitor.
Age, experience, psychological benefits, exercise, and related variables were
coded as subjective performance variables based on prevailing MT theories (see Loehr,
1995; Gucciardi et al., 2009a; Gucciardi, 2017) that suggest MT correlates to more
subjective performance outcomes emphasizing personal or self-referenced types of
improvement, leading to the following coded categories: individual improvement (preand post-test improve relative to the individual, personal best triathlon, backstroke
improvement), psychological improvement (self-efficacy, self-perception, self-esteem,
satisfaction with performance, positive affect), increased training (vigorous exercise,
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increased training hours, increased training planning or effort), and age/experience (age
group, year in school, years in sport, races completed previously).
In Table 8, the average correlation was partitioned according to the objective
types of performance outcomes. The correlation between MT and objective performance
outcomes, rxy= .182, is slightly lower than the total average correlation. The largest
correlation reported was between MT and physiological performance, rxy = .326, while
the smallest was the relationship between MT and team status. It is also important to note
the team status correlation, rxy = .131, produced the only confidence interval (95%) with a
lower limit less than zero.
Table 8
Objective Performance Outcomes and MT Correlations
Confidence
Correlation
Standard
Interval
Sample
(M)
Error (SE)
(LL, UL)
Size (N)
Objective Outcomes
.182
.018
.147
.217
224
Winning
.152a
.055
.042
.258
39
Rank
.169a
.073
.013
.319
13
Subcodes In-Game Performance
.223a
.037
.151
.292
47
Physiological Performance
.326a
.087
.156
.477
22
Competitive Level
.145a
.021
.105
.185
91
Team Status
.131a
.079
-.042
.297
12
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. The shaded region displays the total average correlation for the category.
Category

In Table 9, subjective performance outcomes (rxy = .251) showed a significantly
stronger relationship (p < .05) when compared to objective performance outcomes (rxy
= .182). Each subjective outcome subcodes produced a higher-than-average correlation
than the grand mean, with exception of the correlation between age/experience and MT
(rxy = .131). The two strongest correlations resulted from increases in the average
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correlation for individual improvement (rxy = .295) and psychological improvement (rxy
= .394).
Table 9
Subjective Performance Outcomes and MT Correlations
Confidence
Correlation
Standard
Interval
Sample
(M)
Error (SE)
(LL, UL)
Size (N)
Subjective Outcomes
.251
.021
.212
.289
246
Individual Performance
.295a,b
.076
.151
.428
43
Psychological Improvement
.394a
.045
.315
.468
59
Subcodes
Increased Training
.235b,c
.028
.181
.286
60
Age/Experience
.131c
.020
.092
.169
84
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. The top three effect sizes were in this category were bolded. The shaded region displays the
total average correlation for the category.
Category

Study Characteristics (Study Coded Variables)
Fifty-two correlation coefficients (11%) were estimated based on the best
available data reported in the study. Using the Bonferroni correction, mean differences in
the average correlation between sufficiently reported data and estimated data categories
was not significantly different (p > .05). As for studies that did not report sufficient data
to calculate univariate correlations between MT and athletic performance, the
determination to utilize as much evidence as possible was made to include statistically
controlled correlations which also did not significantly differ (p > .05) from the
sufficiently reported data correlations (Glass, 1977; White, 1982; Taylor & White, 1992).
Sufficiently reported data and statistically controlled coding variables were also retained
to assess the impact on other variables of interest. Specifically, these variables were
coded and included in the weighted measure of the assessment of bias or overall quality
weighting variable, with studies reporting complete and accurate data receiving a more
favorable quality coding.
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The average correlation was then assessed according to the following study
variables indicated in the literature as potentially accounting for variance in the
relationship: quality weighting, methodology type, intervention type, instrument type
(including its corresponding definition), state versus trait measurements,
multidimensional versus unidimensional measurements, self-report versus external-rater
instruments, and context specific versus generic instruments (see also Glass, 1977; White,
1982).
Quality weighting. Studies reporting clear and accurate statistical data received
higher consideration when rating the overall quality, as previously mentioned. Additional
characteristics taken into consideration when considering bias and the weighting of
overall quality included measurement of performance outcome, reporting of sample
characteristics, instrumentation, theoretical definitions and instrument justification,
measures of reliability (internal consistency, test-retest reliability), methodology type
(experimental, correlational, and group comparison), controls/consideration of
confounding variables or attempts to enhance internal validity (White, 1982; Glass, 1977;
Guyatt et al., 2011). Studies with no serious limitations were rated good, serious
limitations were downgraded to fair, and very serious limitations were further
downgraded to poor (Guyatt et al., 2011). The resulting change in the average correlation
according to quality weighting is presented in Table 10. Of the 172 correlations rated as
good evidence, the mean correlation increased in magnitude (rxy = .260) with less error
about the mean (SE = .021) than correlations coded as fair evidence (rxy = .199, SE
= .026, N = 148) and poor evidence (rxy = .189, SE = .025, N = 150), suggesting that on
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average higher quality evidence produced a stronger correlation between MT and athletic
performance than lower quality evidence.
Table 10
Quality Weighting of the Evidence and MT Correlations
Confidence
Correlation
Standard
Interval
Sample
(M)
Error (SE)
(LL, UL)
Size (N)
Good Evidence
.260a
.021
.220
.299
172
Fair Evidence
.199a
.026
.149
.249
148
Poor Evidence
.189a
.025
.140
.236
150
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. The good evidence category was bolded to highlight the strengthening of the relationship after
accounting for good quality evidence.
Quality
Category

Rating the quality of the evidence presented in the literature is relative to the
reviewer, with some reviewers assessing particular threats to be more severe than others.
To make these judgements more explicit and replicable, examples of each quality
category are presented here to add additional context to the results partitioned by quality
weights.
Good evidence. An example of a study presenting good evidence for the MT and
performance relationship came from Gucciardi et al.’s (2017) study of elite adolescent
netballers. This study utilized a measure of MT congruent with its definition and
underlying theory. Additionally, the study provided estimates of reliability for the
instrument used. By comparison, in 42% of the calculated correlations, the conceptual
definitions did not correspond to the proper instrument. Likewise, only 41% of
correlations provided estimates of reliability for their respective instruments. Participant
sampling procedures and characteristics such as age, gender, and experience as well as
instrumentation procedures were clearly reported by Gucciardi et al. (2017). Conversely,
20% of study correlations failed to report key participant characteristics, and 60% did not
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fully report sampling and instrumentation procedures. In this study, measurements of the
subjective outcomes of learning and vitality were taken and adapted to the sport of
netball from a scale used previously in occupational research, which may have presented
significant instrumentation issues. However, items utilized and changed were reported
and presented with transparency. In terms of controls and confounding variables, it may
be difficult to control for threats to internal validity in correlational research because
correlational data by nature prevents the researcher from drawing causal conclusions.
Nevertheless, the study controlled for the coaching style of the coach and by extension
the athlete’s sporting environment. Overall, the study presented a valid and theoretically
justified measurement of MT and subjective performance, and the limitations were not
considered severe enough to downgrade the evidence.
Fair evidence. An example of a study providing fair evidence came from the
work of Vaughan et al. (2018b), in which researchers examined the psychometric
properties of the most commonly used instrument in the MT literature, the MTQ48. This
instrument, in both its 4-factor model (Clough et al., 2002) consisting of control,
commitment, challenge, and confidence and the more recently revised 6-factor model in
which the components of control and confidence were further subdivided into control of
emotions and control of life and confidence in abilities and interpersonal confidence,
respectively. The MTQ(18), or short-form version of the MTQ(48) were used to examine
the measurement invariance between non-athlete, amateur, and elite samples of athlete
groups. Essentially, the study sought to determine whether group differences were based
on the MT/performance relationship or the variances produced by the measurement itself.
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Vaughan et al.’s (2018b) study began with a thorough review of the literature,
noting the conceptual ambiguity between the MTQ48 and hardiness, as well as the noted
lack of justification for adding and then changing the subscale of confidence. Attempting
to offer insight into the instrument and its underlying theory, Vaughan et al. (2018b)
examined item invariance in each subscale, finding that many items in the confidence
subscales misloaded for other subscales in the instrument. Moreover, the confidence
subscales themselves did not correlate well with other MT subscales. This raised major
questions about the validity of the confidence subscales and the underlying theory that
interpersonal confidence and confidence in ability are both unique and necessary
constructs within MT given the arbitrary way confidence was added to the instrument
upon inception (Clough et al., 2002). While each subscale reported adequate internal
consistency, the question of whether or not the instrument provided a valid measure of
MT was deemed too immense a limitation, resulting in a downgrade in quality. Vaughan
et al. (2018b) summarized their concern with the confidence subscale and the MTQ48
instrument in writing,
Psychometric evaluation should be based on both theoretical and empirical
evidence… it is clear the scale measures something consistently; however, what
that is appears conceptually vague. Thus, more empirical evidence is required to
refine and corroborate Clough et al.’s operationalization of MT. (p. 10)
Poor evidence. An example of poor evidence came from the quasi-experimental
study by Bell et al. (2013), which consisted of a punishment intervention in elite youth
cricketers. The evidence presented was downgraded due to several serious limitations,
beginning with the underlying conceptualization and operationalization being somewhat
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contradictory. MT was defined as an ability to achieve “personal goals” (p. 281), which is
by nature subjective, but items in instrument deal only with in-game, objective
performance rather than relative improvements (Bell et al., 2013). Moreover, the
researchers suggested MT can only be assessed through behavior, which was measured in
this study by an external-rater instrument, the Mental Toughness Inventory or MTI8, but
the behaviors were restricted to a few limited scenarios specifically outlined by the eight
items in the instrument. And as previously mentioned, measuring MT by external,
objective performance ratings presents a tautological conundrum where only athletes who
performed well may be considered mentally tough.
Next, the study suffered from serious selection bias, calling the entire results into
question. Instead of randomized groups, athletes assigned to the experiment group, or as
members of the traveling team, were selected based on superior skill and ability. Those
deemed less proficient were offered a position within the control group. If MT is
operationalized as “performing well” or “performing at a high level,” according to the
instruments used to assess MT (see Hardy et al., 2014, for items included in the
instrument), then selection bias or a history of performing at a higher level completely
confounds any possible results (Bell et al., 2013).
Finally, several other issues may have significantly biased the results, including
poor correction of the experiment-wise error rate (Bell et al., 2013). External raters of MT
behavior were also the coaches of the athletes, introducing at minimum a conflict of
interest to ensure players in their care succeeded and by extension they themselves
succeeded as coaches. To further complicate the study instrumentation, researchers
conflated instrument-rated MT with performance statistics in their conclusion. Moreover,
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experiment variables, such as the intervention itself, were poorly controlled. The
intervention consisted of punishment-conditioned stimuli delivered in the form of
“consequences,” such as “cleaning the changing rooms, missing the next session, [and]
repeating a test in front of the group,” but coaches were also instructed to manage both
the coping skills development of the athletes and their own transformational leadership
principles, making it impossible to precisely pinpoint what portion of the intervention
was responsible for MT and performance improvements (Bell et al., 2013, p. 288). Also,
five participants in a sample of 41 did not complete post-test performance assessments,
resulting in a mortality rate of 9.5% for the experiment group and 15% for the control
group, which may have also substantially biased post-test improvement claims made by
the researchers.
There are few important notes to consider concerning the quality weighting
category. In this analysis, assignment to a particular quality weighting category did not
always indicate the study itself was conducted poorly, as was with the case of Vaughan et
al. (2018b), in which the study was well-designed but the findings provided meaningful
insight into a flawed MT measurement. Furthermore, quality weighting for each study
was considered independently from other studies, meaning the results of Vaughan et al.
(2018b) did not influence another study utilizing the MTQ48, provided the researchers
offered sound theoretical and empirical support for its use. It is also important to note the
methodology type alone did not result in a downgraded quality rating. Correlational or
group comparison studies with minimal limitations were rated at or above the same level
of experimental studies with severe limitations, as seen in the case of Bell et al. (2013),
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despite a general consensus that experimental studies are considered higher quality
evidence than observational studies (Guyatt et al., 2011).
Quality weighting as a partitioning variable. Quality weighting as a partitioning
variable or form of covariate offers insight into different coded outcomes. In Table 11, the
main categories of objective and subjective performance were further partitioned
according to quality weighting, and, like the overall correlation, both objective and
subjective performance outcomes tended to grow stronger as the quality of the evidence
improved. Although the correlations between MT and objective performance grew from
rxy = .182 to rxy = .208, still a somewhat small correlation, the subjective performance
relationship, increased significantly from a small correlation (rxy = .251) to a medium
correlation (rxy = .335; Cohen, 1988).
Table 11
Objective and Subjective Performance Outcomes Correlated with MT Partitioned by
Quality Weighting
Confidence
Correlation
Standard
Interval
Sample
(M)
Error (SE)
(LL, UL)
Size (N)
Objective Performance
.182
.018
.147
.217
224
Good Evidence
.208a
.027
.156
.259
104
Quality Weighting Fair Evidence
.186a
.046
.096
.274
45
Poor Evidence
.142a
.029
.085
.198
75
Subjective Performance
.251
.021
.212
.289
246
Good Evidence
.335a
.033
.276
.392
68
Quality Weighting Fair Evidence
.205b
.032
.142
.265
103
Poor Evidence
.235a, b
.040
.158
.310
75
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. Shaded data refers to the average for the category.
Category

Further partitioning the results by objective subcodes of quality weighting
revealed more key findings, presented in Table 12. Most notable were correlations
between MT and winning, in which a limited amount (N = 9) of good quality evidence
showed a much larger than average correlation (rxy = .416, SE = .159); perhaps more
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importantly, there was a great deal of poor evidence potentially skewing the results.
Increases were also reported in rank (N = 3, rxy = .293) and team status (N = 3, rxy = .345)
correlations, but again, the sample of good evidence for these subcategories was limited
to only a few observations. Remarkably, the good evidence for correlation subcodes of
in-game performance (N = 34, rxy = .208), physiological performance (N = 15, rxy = .256),
and competitive level (N = 40, rxy = .122) reported lower than their previously reported
averages, suggesting poor evidence inflated the magnitude of the relationship. Before
partitioning by quality weight, the strongest correlation was for physiological
performance, which dropped to fourth strongest in the objective outcomes categories,
switching positions with winning outcomes. This larger average correlation between MT
and the outcomes of winning and rank may signal the relationship is far greater than
originally suspected, but it would take more rigorous scientific investigation to fully
capture its magnitude given the standard error of the mean (SE = .159).

107

Table 12
Objective Performance Subcodes Correlated with MT Partitioned by Quality Weighting
Category

Correlation
(M)

Standard
Error (SE)

Confidence
Interval
(LL, UL)

Sample
Size (N)

Objective Performance Subcode
Winning
.152
.055
.042
.258
Good Evidence
.416a
.159
.076
.707
Fair Evidence
.149b
.110
-.132
.409
Poor Evidence
.045b
.047
-.052
.141
Rank
.169
.073
.013
.319
Good Evidence
.293a
.016
.228
.356
Fair Evidence
.130a
.031
.045
.215
Poor Evidence
.132a
.192
-.381
.583
In-Game Performance
.223
.037
.151
.292
Good Evidence
.208a
.038
.132
.281
Fair Evidence
.216a
.120
-.064
.464
Poor Evidence
.333a
.147
-.061
.637
Physiological Performance
.326
.087
.156
.477
Good Evidence
.256a
.098
.051
.440
Fair Evidence
.492a
.309
-.417
.909
Poor Evidence
.424a
.069
.157
.635
Competitive Level
.145
.021
.105
.185
Good Evidence
.122a
.022
.078
.165
Fair Evidence
.152a
.060
.028
.271
Poor Evidence
.169a
.038
.093
.244
Team Status
.131
.079
-.042
.297
Good Evidence
.345a
.297
-.725
.927
Fair Evidence
.032a
.058
-.215
.275
Poor Evidence
.068a
.047
-.053
.187
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. Shaded data was reported in a previous table and was presented again for comparison.

108

39
9
6
24
13
3
5
5
47
34
8
5
22
15
4
3
91
40
19
32
12
3
3
6

The most studied objective outcome was competitive level, with a sample size of
N = 91. Before partitioning, the correlation was already small (rxy = .145), but after
considering only good quality evidence, the magnitude of the relationship continued to
diminish beyond that of any other objective outcomes, indicating that participation at
higher levels of competition may be more heavily dependent on factors other than MT.
This may also suggest that while MT may only take an athlete so far competitively, it
remains relevant to ongoing performance (i.e., winning, rank, in-game, physiological, and
team status) within that level of competitive play.
Subjective performance outcomes were examined in a similar manner, with
quality weighting as a quasi-covariate. Three of the four subjective outcomes categories
saw substantial increases in the average correlation, with only psychological
improvement slightly decreasing overall (rxy = .341). When considering only the good
evidence for individual improvement, the relationship produced the largest correlation
reported thus far (rxy = .536). The confidence interval, 95% CI [.363, .674], for the
individual improvement relationship also presented a key finding, in that there is
substantial certainty this relationship appears to be a medium to large effect, according to
Cohen’s (1988) guidelines. The confidence intervals for both psychological improvement
(rxy = .341; 95% CI [.225, .445]) and increased training (rxy = .336; 95% CI [.254, .413])
also revealed the magnitude of the respective relationships appears to be increasing from
a small to medium correlation (Cohen, 1988).
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Table 13
Subjective Performance Subcodes Correlated with MT Partitioned by Quality Weighting
Category

Correlation
(M)

Standard
Error (SE)

Confidence
Interval
(LL, UL)

Sample
Size (N)

Subjective Performance Subcode
Individual Performance
.295
.076
.151
.428
Good Evidence
.536a
.079
.363
.674
Fair Evidence
.210a
.096
.015
.388
Poor Evidence
.409a
.159
.070
.665
Psychological Improvement
.394
.045
.315
.468
Good Evidence
.341a
.061
.226
.445
Fair Evidence
.399a
.065
.277
.509
Poor Evidence
.498a
.128
.262
.679
Increased Training
.235
.028
.181
.286
Good Evidence
.336a
.043
.254
.413
Fair Evidence
.156b
.033
.088
.221
Poor Evidence
.186b
.064
.052
.314
Age/Experience
.131
.020
.092
.169
Good Evidence
.213a
.054
.096
.324
Fair Evidence
.130a
.025
.081
.178
Poor Evidence
.107a
.033
.041
.172
Note. Subcode means with the same subscript were not statistically different using the Bonferroni
correction. Shaded data was reported in a previous table and was presented again for comparison.

43
5
29
9
59
29
17
13
60
23
22
15
84
11
35
38

Tables 12 and 13 highlight the significant differences in the average correlations
involving MT and objective/subjective outcomes. The relationship is significantly greater
for subjective outcomes, and after accounting for study bias, these differences become
more apparent, especially in the subcategories of individual improvement, psychological
improvement, and increased training. Quality weighting was reused as a partitioning
covariate for a variety of other important characteristics.
Methodology type. The methodology of the studies analyzed were coded into
three main categories (experimental, correlational, and group comparison) to make
coding more feasible in addition to making comparisons more meaningful. In Table 14,
the average correlation was reported and partitioned according to quality weighting.
Before partitioning, experimental study correlations reported the largest effect size (rxy
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= .356), followed by correlational study correlations (rxy = .218) and group comparison
studies (rxy = .151).
Table 14
Methodology of Study
Category

Correlation
(M)

Standard
Error (SE)

Confidence
Interval
(LL, UL)

Sample
Size (N)

Methodology Type by Quality Weighting
Experimental
.356
.048
.270
.443
81
Good Evidence
.318a
.060
.200
.426
17
Fair Evidence
.276a
.098
.083
.449
31
Poor Evidence
.445a
.063
.335
.542
33
Correlational
.218
.020
.180
.256
214
Good Evidence
.296a
.030
.240
.350
103
Fair Evidence
.165b
.028
.111
.219
77
Poor Evidence
.094b
.053
-.013
.198
34
Group Comparison
.151
.015
.121
.180
175
Good Evidence
.165a
.028
.110
.220
52
Fair Evidence
.203a
.030
.144
.261
40
Poor Evidence
.115a
.022
.073
.159
83
Note. Experimental methodology category included quasi-experimental studies as well as studies utilizing
different mental toughness interventions or assessed performance at multiple points. Subcode means with
the same subscript were not statistically different using the Bonferroni correction. Shaded portions
represent the average correlation for the entire category.

Experimental studies. Only 17% of effect sizes came from experimental studies
(N = 81), and many of which, 79% were not considered fair or poor-quality evidence (N =
64), suggesting the field of research could benefit from further and more rigorous
scientific inquiry. Nearly 83% of the total number of effect sizes were calculated from
correlational studies (N = 214) and group comparison studies (N = 175). Nevertheless, the
effect size of experimental studies of good quality (rxy = .318) remained larger than each
of the other methodology categories.
Correlational studies. The average effect size for good quality correlational
studies differed significantly from fair and poor quality studies in the same category (see
Table 14). The average effect size for good quality correlational studies (rxy = .296; 95%
CI [.240, .350]) was significantly higher than the grand mean of rxy = .218. This rather
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large body of evidence (N = 103), along with good evidence in the experimental category
(N = 17), suggests the true mean of the MT/performance relationship may be far greater
than previously reported (rxy = .218) and may reside more consistently in a medium range
magnitude, according to Cohen’s (1988) guidelines.
Group comparison studies. After partitioning group comparison studies by
quality, the average effect size remained small (Cohen, 1988). The vast majority of group
comparison studies involved examining athletes at different competitive levels or status
within one’s team. This corresponded to low correlation averages in those objective
outcome categories. From an outcome perspective, MT appears to be less important in
terms of objective performance outcomes of this nature, such as getting to a higher
competitive level. However, from a methodological perspective, the outcome variability
is limited to one of two categories from which a point-biserial correlation was calculated.
This type of methodology may not lend itself to incremental increases prompted or
produced by MT.
Intervention type. Five main interventions were coded from the experimental
methodology category (see Table 15). The results indicate a medium correlation for both
psychological skills training (rxy = .399) and punishment (rxy = .350). Sport-specific
training, traditional coaching, and fatigued/pressure conditions each reported small
average correlations. The effect size for psychological skills training was significantly
stronger (p < .05) than the effect sizes of the other interventions. Psychological skills
training has also been studied much more frequently than all the other interventions
combined.
Table 15
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Intervention Type
Confidence
Correlation
Standard
Interval
Sample
(M)
Error (SE)
(LL, UL)
Size (N)
Psychological Skills Training
.399a
.076
.262
.519
48
Fatigued / Pressure Conditions
.197a, b
.037
.041
.343
3
Sport-Specific Training
.294a, b
.094
.062
.496
6
Punishment
.350a, b
.073
.201
.462
12
Traditional Coaching
.252a, b
.043
.163
.338
12
Note. Bolded results reported the largest effect size. Subcode means with the same subscript were not
statistically different using the Bonferroni correction.
Intervention
Category

After controlling for quality weighting, the average correlation for experimental
interventions was reported in Table 16. Since interventions studies reported a limited
number of effects in general, many interventions did not report enough evidence to
support each quality weighting category, with the exception of psychological skills
training. After considering only good evidence, the effect of psychological skills training
moved from a medium to large correlation (rxy = .509). The average correlation for sportspecific training and fatigued/pressure conditions did not vary given that all the evidence
was rated good quality. Though both reported smaller effect sizes than punishment
interventions, sport-specific training and fatigued/pressure conditions may more
substantially influence the MT/performance relationship, considering the evidence for
punishment posed major threats to its validity.
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Table 16
Interventions of Study by Quality Weighting
Category

Correlation
(M)

Standard
Error (SE)

Confidence
Interval
(LL, UL)

Sample
Size (N)

Intervention Type by Quality Weighting
Psychological Skills Training
.399
.076
.262
.519
48
Good Evidence
.509
.097
.285
.681
5
Fair Evidence
.276
.098
.083
.449
31
Poor Evidence
.618
.131
.408
.766
12
Fatigued / Pressure Conditions
.197
.037
.041
.343
3
Good Evidence
.1971
.037
.041
.343
3
Fair Evidence
Poor Evidence
Sport-Specific Training
.294
.094
.062
.496
6
Good Evidence
.2941
.094
.062
.496
6
Fair Evidence
Poor Evidence
Punishment
.350
.073
.201
.462
12
Good Evidence
Fair Evidence
Poor Evidence
.3501
.073
.201
.462
12
Traditional Coaching
.252
.043
.163
.338
12
Good Evidence
.122
.092
-.265 .475
3
Fair Evidence
Poor Evidence
.295
.040
.208
.377
9
Note. Coded interventions were partitioned according to quality weighting of the evidence. Numerical
superscripts indicate the evidence was limited to a single quality weighting category. Shaded portions
represent the average correlation for the entire category.

Instrument type. For each effect size, the type of instrument used to assess MT
was coded, resulting in 23 different instruments (see Table 17). For each calculated effect
size, the theoretical definition for each instrument was also compared to the guiding
definition of the study. In only 59% of calculations did the instrument used correspond to
its underlying theoretical definition. For example, in the study by Fawver et al. (2020),
the researchers defined MT according to Gucciardi’s (2017) most recent definition, which
considered MT a “state-like psychological resource that is purposeful, flexible, and
efficient in nature for the enactment and maintenance of goal-directed pursuits” (p. 18).
However, no MT instrument currently existed for this conceptualization, nor did the
Gucciardi et al. (2015) instrument used most closely represent the theoretical
114

underpinnings of Gucciardi’s (2017) definition. Instead, Fawver et al. (2020) utilized the
Sports Mental Toughness Questionnaire from Sheard et al. (2009), in which the
underlying theory differs considerably from that of Gucciardi (2017) and Gucciardi et al.
(2015). This incongruence between measurement and theory may not readily impact the
results in terms of effect size, but it is vitally important in that a study may not get the
valid MT measurement it intended. Incongruence notwithstanding, the guiding definition
of each study was reported in Table 18, even if the definition in the study did not
correspond to the instrument’s original theoretical definition, highlighting the continued
divergence in perspectives among researchers.
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Table 17
Instrument Type
Confidence
Interval

Subscales
Dimensions
Self(a) All
(b) % of
Corr.
TestUni-(1)
Report
Subscales
Subscale
(M)
(SE)
LL
UL
(N)
(α)
Retest
Multi-(2)
(Y/N)
p<.05
p<.05
Mental, Emotional, & Bodily Toughness Inventory (43)
.341
.057
.232
.441
21
.93
.92
1
Y
Mental Toughness Index (8)
.334
.035
.270
.395
55
.83
1
Y
Psychological Performance Inventory (42)
.268
.059
.157
.373
63
.69
2
Y
4.2%
16.1%
Mental Toughness Inventory (36) (Middleton)
.229
.041
.148
.308
22
.94
2
Y
0%
41.6%
Mental Toughness Questionnaire (18) (Clough)
.218
.045
.131
.302
39
.82
1
Y
Sports Mental Toughness Questionnaire (14)
.175
.041
.095
.254
63
.76
2
Y
21.7%
24.1%
Mental Toughness Questionnaire (48) (Clough)
.172
.028
.118
.224
86
.86
2
Y
31.7%
20.2%
Mixed Instruments
.461
1
2
Y
Ten Pin Bowling Performance Survey (10)
.388
.11
.126
.599
6
.80
.87
1
Y
MT Battery (68) (Guillen)
.352
.146
-.253
.760
3
.82
2
Y
100%
100%
Mental Toughness Questionnaire (Goldberg)
.331
.111
.795
.941
2
2
Y
0%
20%
External Rating (from 1-10)
.304
.075
.149
.445
12
1
N
Mental Toughness Inventory (8) (Hardy)
.266
.056
.154
.372
19
.88
1
N
MT Semantic Differential (11) (Gucciardi)
.265
.027
-.071
.548
2
.92
1
Y
Videogame Mental Toughness Questionnaire (20)
.246
.055
.124
.359
9
.96
2
Y
0%
6.3%
Psychological Performance Inventory-A (14)
.184
.067
.027
.332
8
.78
2
Y
0%
50.0%
Australian Football Mental Toughness Inventory (24)
.174
.024
.119
.228
9
.75
2
Y
55.6%
41.6%
Mental Toughness Scale (11) (Madrigal)
.162
.079
-.029
.342
7
.86
.90
1
Y
Mental Toughness Questionnaire (11) (Cherry)
.075
.039
-.008
.158
18
.76
2
Y
Mental Toughness Hardiness Scale (26)
.013
.037
-.070
.095
10
.87
2
Y
0%
0%
Swimming Mental Toughness Inventory (11) (Beattie)
.000
.06
-.642
.642
2
.91
1
N
Mental Toughness in Sport Questionnaire (42)
-.155
.067
-.318
.016
6
.80
2
Y
0%
0%
External Rank
-.175
.047
-.228
-.002
7
1
N
Note. The shade region of the table presents the average correlation for instrument with ≥ 20 observations order from largest effect size at the top of the table. Bolded data presents the
average correlation for ≥ 10 observations. Data in the non-shaded region was also reported from large to small with largest correlations appearing at the top of the non-shaded region.
Instrument Type
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Table 18
Definitions
Source
Jones et al. (2002)

Gucciardi et al. (2015)
Loehr (1986)

Clough et al. (2002)
Loehr (1995)
Gucciardi (2017)
Gucciardi & Hanton
(2016)
Bell et al. (2013)
Loehr (1982)
Gucciardi et al. (2008)
Kristjansdottir et al.
(2018)
Sheard et al. (2009)
Chen & Cheesman
(2013)

Guiding
Definition
Mental toughness is having the natural or developed psychological edge that enables you to:
Generally, cope better than your opponents with the many demands (competition, training,
lifestyle) that sport places on a performer. Specifically, be more consistent and better than
your opponents in remaining determined, focused, confident, and in control under pressure.
As a personal capacity to produce consistently high levels of subjective (e.g., personal goals
or strivings) or objective performance (e.g., sales, race time, GPA) despite everyday
challenges and stressors as well as significant adversities.
Mentally tough performers are disciplined thinkers who respond to pressure in ways which
enable them to remain feeling relaxed, calm and energized because they have the ability to
increase their flow of positive energy in crisis and adversity.
Mentally tough individuals tend to be sociable and outgoing; as they are able to remain calm
and relaxed, they are competitive in many situations and have lower anxiety levels than
others. With a high sense of self-belief and an unshakeable faith that they can control their
own destiny, these individuals can remain relatively unaffected by competition or adversity.
Toughness is the ability to consistently perform toward the upper range of your talent and
skill regardless of competitive circumstances.
MT can be defined as a state-like psychological resource that is purposeful, flexible, and
efficient in nature for the enactment and maintenance of goal-directed pursuits.
A personal capacity to deliver high performance on a regular basis despite varying degrees of
situational demands.
The ability to achieve personal goals in the face of pressure from a wide range of different
stressors.
The ideal mental state.
Mental toughness in Australian football is a collection of values, attitude, behaviors, and
emotions that enable you to persevere and overcome any obstacle, adversity, or pressure
experienced, but also to maintain concentration and motivation when things are going well to
consistently achieve your goals
The sportsperson's ability to concentrate, rebound from failure, cope with pressure, and face
adversity, as well as mental resilience, commitment, and confidence.
Research has identified “mental toughness” as a crucial attribute for success in competitive
sport and the development of champion sport performers.
Mental toughness is not mere reaction to adverse situations, but the positive psychological
trait motivating one to excel.
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Number
of Citations
8

7
7

6
5
4
2
2
2
2
2
2
1

Table 18 (cont.)
Jaeschke et al. (2016)
Sheard et al. (2009)
Beattie et al. (2017)
Coulter et al. (2010)

Cowden et al. (2016)
Crust & Azadi (2009)
Crust & Clough (2005)
Doshay (2018)
Guccardi et al. (2009b)
Grgurinovic & Sindik
(2015)
Gucciardi et al. (2009a)
Lombardi (2010)
Hardy et al. (2014)
Gucciardi et al. (2017)

The ability to persist and utilize mental skills to overcome perceived physiological,
psychological, emotional, and environmental obstacles in relentless pursuit of a goal.
The capacity to rapidly and efficaciously rebound from adversarial experiences (e.g., sport
competition), or a response that is promoted under various and reasonably stable
psychological facets (e.g., optimism).
Consistently maintaining performance and goal directed behavior under a range of different
stressors.
The presence of some or the entire collection of experientially developed and inherent values,
attitudes, emotions, cognitions, and behaviors that influence the way in which an individual
approaches, responds to, and appraises both negatively and positively construed pressures,
challenges, and adversities to consistently achieve his or her goals.
A multidimensional construct, comprising innate and learned personal resources, that
facilitate the consistent performance optimization and pursuit of excellence despite exposure
to positive and negative situational demands.
Mental toughness is a trait-like construct that allows individuals to remain relatively
unaffected by competition or adversity. Mentally tough athletes are posited as having lower
anxiety levels than others and an unshakeable faith that they control their own destiny
Mentally tough individuals are considered to be competitive, resilient to stressors or stress,
and have high self-confidence and low anxiety.
An athlete's ability to perform on the field 'when it counts' in stressful situations.
Mental toughness in Australian football is a collection of values, attitudes, behaviors, and
emotions that enable you to persevere and overcome any obstacle, adversity or pressure
experienced, but also to maintain concentration and motivation when things are going well to
consistently achieve your goals
Mental state of athletes who are persevering through difficult circumstances, in their efforts to
perform the best possible.
A collection of values, attitudes, emotions, and cognitions that influence the way in which an
individual approaches, responds to, and appraises demanding events to consistently achieve
his or her goals.
Character in action
...the ability to achieve personal goals in the face of pressure from a wide range of different
stressors.
Mental toughness is a broad psychological construct that could help athletes cope with the
diverse range of stressors that they encounter during training and competition.
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1
1
1
1

1
1
1
1
1
1
1
1
1
1

Table 18 (cont.)
Kaiseler et al. (2009)
Meggs et al. (2014)
Tutko (1974)

Slimani et al. (2016)

Vaughan et al. (2018b)
Middleton et al. (2005,
2011)
Gerber et al. (2012)

Crust & Keegan (2010)

Thapa et al. (2015)
Brand et al. (2020)
Przybylski (2018)

MT… is a trait like construct that shares similarities with Hardiness.
Despite variation in definition, most conceptualizations converge on similar characteristics,
which include self-confidence, self-concept positivity, emotional control, persistent goal
striving and appraising competition as challenging rather than threatening
The “Mentally Tough” athlete can take rough handling; is not easily upset about losing,
playing badly, or being spoken to harshly; can accept strong criticism without being hurt; and
does not need too much encouragement from his coach.
...a conceptualization of mental toughness from a positive psychology “mindset” perspective,
focusing not only on an individual’s ability to overcome adversity, but also the attributes that
allow them to thrive and grow under all circumstances, which include self-belief,
commitment, perseverance, and emotion management.
Mental toughness (MT) has been conceptualized as a multidimensional construct
characterized by unshakeable belief, coping effectively with pressure and adversity, being
resilient, thriving on pressure, being committed, and having superior concentration skills.
An unshakeable perseverance and conviction towards some goal despite pressure or adversity.
Focus: Task Focus and Task Familiarity; Coping: Perseverance, Positivity, Positive
Comparison and Stress Minimization; Self-belief: Self-Efficacy, Potential and Mental SelfConcept; and Motivation: Personal Bests, Task Value and Goal Commitment.
Mental toughness is related to the ability to remain determined, focused, confident and in
control under stress and pressure
Mental toughness is a multidimensional construct. The key attributes that appear to
characterize mental toughness include coping effectively with pressure and adversity,
recovering or rebounding from set-backs and failures, persisting or refusing to quit, being
insensitive or resilient, having unshakeable self-belief in controlling ones own destiny,
thriving on pressure and possession of superior mental skills
Mental toughness describes the capacity of an individual to deal effectively with stressors,
pressures and challenges and perform the best of their ability, irrespective of the
circumstances in which they find themselves.
Mental toughness refers to a cognitive strength variable known to be associated with good
performance both in elite sport and non-elite sport.
Mental toughness is defined as the ability to cope in difficult circumstances. The following
factors contribute towards success: the ability to take up challenges, and the feeling of
influence and control as well as involvement. People who display great hardiness are able to
undergo a “mental transformation” in difficult situations and thus cope better with adversities
Maintain optimum performance under adverse circumstances

1
1
1

1

1

1
1

1

1
1
1

Thomas et al. (1996)
1
Note. Definitions were ranked in order of most referenced of the studies included in the meta-analysis. Lightly shaded definitions shared similar
theoretical ideas from the similar authors, primarily Gucciardi and colleagues. Darkly shaded definitions share the same theoretical ideas offered from
Loehr.
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In Table 17, the results for each instrument type were reported in order of the
magnitude of the effect size (with instruments reporting a stronger relationship listed
first), beginning with instruments with 20 or more observations and used in multiple
investigations. Instruments were organized by name and the number of items in
parentheses. Of the instruments whose names, abbreviations, or acronyms were similar to
that of another instrument, the first author’s name was included to help with
differentiation and clarification. Like previously reported results, the average (mean)
correlation (Corr./M), standard error (SE), confidence intervals (lower limit, upper
limit/LL, UL), and samples size (N) were reported. The reliability measures of
Cronbach’s α and test-retest reliability were averaged and reported. Additionally,
unanswered issues in the literature dealing with instrumentation, such as dimensionality,
self-report, and subscale performance, were coded and reported for each instrument.
According to Cronbach and Meehl (1955), construct validation occurs when “an
investigator believes that his instrument reflects a particular construct” (p. 290) and if the
“psychological construct [becomes] behavior-relevant” (p. 291). Hence, instruments with
sound theoretical foundations with a strong relationship with performance should offer
more construct validity when compared to poorly defined instruments with weak
relationships. Therefore, the instruments that reliably offer the most construct validity are
Mental, Emotional, and Bodily Toughness Inventory or MeBTough43, developed by
Mack and Ragan (2008), and the Mental Toughness Index or MTI8, developed by
Gucciardi et al. (2015). The MTI8 reported significantly higher (p < .05) effect sizes than
other frequently used instruments, with correlations in the medium range, rxy = .341 and
rxy = .334, respectively. Interestingly, both were unidimensional instruments, and both
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reported adequate average internal consistency (MeBTough α = .93; MTI α = .83), but of
the two, only the MeBTough reported a measure of test-retest reliability of .92.
The remaining instruments with 20 or more observations each reported small
effect sizes (.10 < .30; Cohen, 1988). The most frequently utilized instrument in both the
literature and this analysis, the MTQ48 developed by Clough et al. (2002), reported the
weakest average effect size (N = 86, rxy = .172, SE = .028), indicating poor construct
validity when compared to other frequently used measures. This weaker correlation also
supports Vaughan et al.’s (2018b) claim that while the MTQ48 may be reliable
(Cronbach’s α = .86), it may not validly “reflect” (Cronbach & Meehl, 1955, p. 290) the
construct of MT. The short-form, unidimensional version of the MTQ48, the MTQ18
(Clough et al., 2002), reported a stronger correlation than the original instrument (N = 39,
rxy = .218, SE = .041).
The PPI42 (Loehr, 1982) was the next most utilized MT instrument. The PPI42
was largely criticized for its poor factor structure and its less-than-rigorous development.
However, the PPI reported a much stronger effect size (rxy = .268, SE = .059) than the
MTQ48, the PPI-A14 (Golby et al., 2007; rxy = .184, SE = .067), and the SMTQ14
(Sheard et al., 2009; rxy = .175, SE = .041), which were all created in response to validity
and reliability issues concerning the PPI42. Yet, observations from the PPI42 seem to
make stronger and more frequent contact with the nomological framework consistent
with MT, which in this case is superior athletic performance (Cronbach & Meehl, 1955).
In Table 17, the seven most utilized MT instruments accounted for 74% (N = 349)
of the MT observations, all of which were self-report observations. Instruments or
measurements involving an external rater found similar results as self-report instruments
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such as the MTI8 by Hardy et al. (2014), which reported an effect size of rxy = .266 and
SE = .056 with a sample of N = 19. Even a general informant or external rating from 1 to
10 found a medium effect size (rxy = .304, SE = .075) with no underlying theory or
definition. This may indicate that while researchers and sport administrators have
difficulty articulating what exactly MT is, they may know it when they see it. Conversely,
external rank may not accurately encapsulate the variability of MT within athletes. In
ranking a set of athletes in order from least mentally tough (1) to most mentally tough
(20), it is highly unlikely any athlete would be completely devoid of MT, nor would any
athlete be entirely comprised of MT. Hence, a negative effect size was reported.
Subscale significance. Subscale data for the multidimensional instruments were
reported in the final two columns of Table 17. The first subscale, column (a), shows the
frequency with which the entire multidimensional instrument reported all its subscales
were statistically significantly correlated with performance. The second, column (b),
shows how frequently what percentage of each individual subscale was significantly
correlated with performance. For example, only a multidimensional battery utilized by
Guillen and Laborde (2014) reported that all its subscales significantly correlated with
performance in 100% of observations (see Table 17, column a). Within all those
observations, each individual subscale in the MT battery was also significant 100% of the
time (column b).
Of the most utilized multidimensional instruments, effect sizes involving the
MTI36 (Middleton et al., 2013) did not have any (0%) of the 22 observations in which all
12 subscales of the MTI36 were statistically significantly related to performance for any
given observation (see Table 17, column a). However, the MTI36 did have many
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individual subscales (41.6%) that were significantly related to performance within those
observations (see Table 17, column b), suggesting that some but not all of the 12
subscales may not equally contribute to increased athletic performance.
In observations involving the SMTQ14, the instrument reported all of the
subscales were significantly correlated to performance 21.7% of the time (column a);
within those observations where not all subscales correlated with performance, the
SMTQ14 reported only 24.1% of each individual subscale was significantly related to
performance (column b). For the MTQ48, the instrument reported all subscales were
significant in 31.7% of observations (column a); within those observations where not all
subscales correlated with performance, the MTQ48 reported only 20.2% of its subscales
significantly correlated with performance (column b). In other words, the MTQ48
reported all of the subscales were significantly correlated with performance more often
than the SMTQ14, but in instances where all the subscales were not significant, the
SMTQ14 reported that its individual subscales were more frequently correlated with
performance.
A lesser used instrument, the PPI-A14 (Golby et al., 2007), was used to calculate
eight (N = 8) effect sizes, and of those eight, in no observation (0%) were all four
subscales significantly related to performance (see Table 17, column a). In those eight
observations, individual subscales were significantly related to performance 50% of the
time (column b). The Australian Football Mental Toughness Inventory (AFMTI24), a
sport-specific multidimensional instrument, reported that all subscales were significantly
related to performance in 55.6% of observations, which was the highest frequency of any
instrument, aside from that of Guillen and Laborde (2014). In terms of subscale
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performance, the AFMTI’s individual subscales also most frequently correlated with
performance at 41.6% in those observations in which all subscales did not completely
correlate with performance. As a comparison, the AFMTI reported all its subscales were
significantly related to performance more than twice as often as the SMTQ, and each
subscale was nearly twice as likely to be correlated with performance.
Instruments and MT definitions. In total, 39 definitions were extracted from the
studies in this meta-analysis. These definitions were directly quoted from each study or
referenced as the guiding definition through a specific citation. If no definition was
offered, the theoretical definition underlying the instrument was assumed to be the
construct being investigated or tested. Many of the definitions that were presented and
discussed previously in the analysis of the reviews (see Table 4) also guided the work of
the studies included in this analysis. In Table 18, the number of times the definition was
utilized was again documented. The most cited conceptualizations and theories were
reported again by Jones et al. (2002) and Clough et al. (2002), which guided the work of
eight (11%) and six (8%) of the 76 studies, respectively. These theories were developed
under the pretext of adding scientific rigor to the construct. However, when taken
together, the theory and references to the work of Loehr (1986, 1995) surpass the work of
Jones et al. and Clough et al., with 14 (18%) of the 76 studies using Loehr’s
conceptualization to analyze MT and performance. Likewise, the different
conceptualizations of Gucciardi (2017) and Gucciardi et al. (2008, 2009a, 2015, 2016,
2017) were cited and guided the work of 18 (24%) of the 76 studies in the analysis.
According to Cronbach and Meehl (1955), each study included in the analysis not
only tested the relationship between MT and performance, but each investigation also
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tested the construct validity of the measurement by assessing the instrument’s contact
with the nomological network. The results effectively show how often and to what degree
the instrument measures what it is designed to measure. Therefore, an MT instrument that
correlates more frequently and in greater magnitude with performance should offer more
construct validity.
Madrigal et al.’s (2013) instrument based on Jones et al.’s (2002) definition made
minimal contact, with an effect size of rxy = .162, SE = .076. Similarly, the Clough et al.
(2002) instruments reported smaller effect sizes of rxy = .172 and rxy = .218. Jones et al.’s
(2002) definition was the most widely cited MT definition and Clough et al.’s (2002)
instrument was the most widely utilized instrument, and both appear to make minimal
contact in practical application. When compared to the instruments based on Loehr’s
(1995) definition, the MeBTough43 (Mack & Ragan, 2008) and Gucciardi et al.’s (2015)
MTI8, the evidence convincingly supports these theories with significantly greater
correlations (rxy = .341 and rxy = .334, respectively).
State/trait, multi-/unidimensionality, self-report/external rating, context
variables. The key theoretical tenets underlying the instruments and definitions reported
in Tables 17 and 18 were also coded as covariates. These covariates primarily consisted
of dichotomous variables important to both the theoretical construct and the
instrumentation of MT, including trait versus state instruments or theories,
unidimensional versus multidimensional instruments, self-report versus external rating
measurements, context- or sport-specific instruments versus general instruments, and
sport instruments versus general instruments. In Table 19, these dichotomies were used
as covariates to assess the change in effect size.
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Trait versus state. One of the most commonly contended aspects of MT is
whether or not the construct is genetically inherited or developed and trained. Studies in
which MT was operationalized as primarily a heritable trait were compared to studies in
which at least a portion of MT was operationalized as a construct with more trainable,
state-like components. Trait-like theories and instruments reported a smaller than average
effect size of rxy = .159, SE = .025, suggesting traits consistent with MT are to some
degree positively related to athletic performance. State-like theories and instruments
reported a significantly larger effect size of rxy = .239, SE = .017, suggesting that
developed MT offers a stronger relationship with performance than purely inherited traits
or characteristics.
Table 19
State/Trait, Multi/Uni-Dimensionality, Self-Report/External Rating, Context Variables
Confidence
Measurement
Correlation
Standard
Interval
Sample
Characteristics
(M)
Error (SE)
(LL, UL)
Size (N)
Trait
.159a
.025
.111
.205
125
State
.239b
.017
.208
.270
345
Unidimensional
.278a
.023
.235
.319
146
Multidimensional
.191b
.017
.158
.223
324
Self-Report
.219a
.015
.192
.248
416
External Rating
.206a
.038
.131
.278
54
Context (Sport) Specific
.301a
.054
.197
.399
22
General
.214a
.014
.187
.241
448
Sport Measurement
.187a
.027
.135
.238
117
General
.228a
.016
.197
.258
353
Note. Shaded areas separate each group of dichotomous variables. Effect sizes with the same subscript were
not statistically different using the Bonferroni correction. Shaded areas are for convenience.

State-like MT reporting a stronger effect size than trait-like MT is consistent with
other previously reported findings on methodology type. For example, experimental
studies that intervened to increase MT showed a significantly stronger effect size (rxy
= .356) than correlational (rxy = .218) and group comparison studies (rxy = .151) where
126

assessment of MT was cross-sectional. Moreover, studies involving the intervention of
psychological skills training, which has been often used interchangeably with MT
(Goldberg, 1998), produced a large correlation (rxy = .509) according to Cohen’s (1988)
guidelines and one of the strongest effects reported by the analysis thus far. Collectively,
the overwhelming body of evidence suggests MT theory and measurement considered
state-like and trainable produces a significantly stronger correlation with performance.
Correlations with age (rxy = .213) and context (discussed later) also give credence to the
trainability of MT. The discrepancy between trait and state theories was augmented when
these categories were further partitioned by quality weighting (see Table 20). When
considering only the good quality evidence, the effect size for trait MT decreased to rxy
= .105. In contrast, state MT increased to rxy = .290, with a large body of good evidence
(N = 142) supporting this stronger correlation.
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Table 20
Measurement Characteristics by Quality Weighting
Standard
Confidence
Sample
Measurement Characteristics /
Correlation
Error
Interval
Size
Quality Weighting
(M)
(SE)
(LL, UL)
(N)
Measurement Characteristic
Trait
.159
.025
.111
.205
125
Good Evidence
.105a
.028
.049
.161
30
Fair Evidence
.237a
.045
.150
.321
40
Poor Evidence
.129a
.041
.047
.210
55
State
.239
.017
.208
.270
345
Good Evidence
.290a
.024
.247
.334
142
Fair Evidence
.185b
.032
.122
.246
108
Poor Evidence
.222a ,b
.031
.164
.280
95
Unidimensional
.278
.023
.235
.319
146
Good Evidence
.286a
.029
.232
.339
92
Fair Evidence
.270a
.069
.134
.397
25
Poor Evidence
.256a
.040
.177
.331
29
Multidimensional
.191
.017
.158
.223
324
Good Evidence
.228a
.031
.169
.286
80
Fair Evidence
.184a
.028
.129
.238
123
Poor Evidence
.172a
.029
.115
.228
121
Self-Report
.219
.015
.192
.248
416
Good Evidence
.279a
.023
.235
.321
143
Fair Evidence
.199a, b
.027
.146
.251
140
Poor Evidence
.176a
.027
.125
.227
133
External Rating
.206
.038
.131
.278
54
Good Evidence
.160a
.048
.063
.255
29
Fair Evidence
.199a
.103
-.038
.420
8
Poor Evidence
.283a
.075
.130
.422
17
Context (Sport)-Specific
.301
.054
.197
.399
22
Good Evidence
.445a
.075
.303
.596
11
Fair Evidence
.174b
.024
.119
.228
9
Poor Evidence
.000b
.060
-.642
.642
2
General
.214
.014
.187
.241
448
Good Evidence
.246a
.022
.205
.286
161
Fair Evidence
.201a
.028
.147
.253
139
Poor Evidence
.192a
.025
.142
.239
148
Sport Measurement
.187
.027
.135
.238
117
Good Evidence
.398a
.070
.271
.511
28
Fair Evidence
.114b
.023
.068
.158
50
Poor Evidence
.120b
.046
.028
.211
39
General
.228
.016
.197
.258
353
Good Evidence
.231a
.021
.192
.270
144
Fair Evidence
.242a
.037
.170
.310
98
Poor Evidence
.213a
.030
.156
.267
111
Note. Shaded data was previously reported in Table 19. Effect sizes partitioned by quality weighting with
the same subscript were not statistically different using the Bonferroni correction within the same category.
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Unidimensional versus multidimensional. The dimensionality of instruments
measuring MT has also been intensely debated (Gucciardi et al., 2015; Lin et al., 2017).
Unidimensional instruments producing a single, global MT score reported a significantly
stronger correlation (rxy = .278, SE = .023) between MT and athletic performance (see
Table 19). Multidimensional instruments measuring subscales dimensions that were
aggregated into a total global MT score reported significantly weaker correlations (rxy
= .191, SE = .017).
If a stronger average effect is indicative of greater validity, then a unidimensional
instrument more accurately represents the true nature of MT. This could mean that, in
theory, MT may not simply be a collection of distinct, individual attributes but the ability
to muster the appropriate attributes or resources collectively and/or at the appropriate
moment to improve performance. For example, as previously discussed with the 4C’s
model of MT (Clough et al., 2002), a high score from the subscale dimensions of
challenge, control, and confidence may be enough to induce a high MT score, but without
a certain level of commitment that score may not correlate strongly with performance,
especially in outcomes such as competitive level or years of training where commitment
is fundamental.
In Table 20, the dimensionality dichotomies were also partitioned by quality
weighting codes. Unlike the trait and state effect sizes, which saw a greater divergence
when partitioned by quality, unidimensional and multidimensional evidence both moved
in the same direction, increasing in magnitude, when considering only evidence of good
quality. The unidimensional evidence weighted good quality marginally strengthened the
average correlation (rxy = .289, SE = .029). The multidimensional evidence weighted
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good quality also strengthened the effect (rxy = .228, SE = .031). Taking these increases
together may denote that good multidimensional theory and instrumentation may be as
effective as unidimensional theory and instrumentation. Further good quality
investigation may be needed to support this conclusion, but the multidimensional
instrument produced by Middleton et al. (2011), the Mental Toughness Inventory
(MTI36), that reported an average effect size of rxy = .229 provides promising initial
support (see Table 17).
Self-report versus external rating. Self-report (rxy = .219, SE = .015) and external
rating (rxy = .206, SE = .038) categories did not significantly differ in terms of effect size,
which may lend support to the previous result that in general external raters may know
MT when they see it. This may also suggest internal MT processes such as cognition,
attitude, and mindset are inevitably coupled with behavioral processes. In essence,
mentally tough thinking should correspond or translate into physically tough action.
Then again, significant differences arose when the quality weighting of instrument
types was considered. Good quality, self-report evidence saw the magnitude of the
correlation increase (rxy = .279), whereas good quality, external rating evidence decreased
in magnitude (rxy = .160). Several implications may be drawn from quality weight
partitioning. First, external instruments require further theoretical development; a chief
example is the issue of tautology presented by Bell et al. (2013), in which only
exceptional performance was considered mentally tough behavior, confounding the
relationship. Second, external raters by definition cannot empirically observe internal
processes such as improvements in cognitive functioning, greater emotional regulation, or
increased self-efficacy that are not outwardly exhibited or manifested through visual
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observations of behavior. Third, external instruments may need to increase the variability
in ratings of key elements and the construct as whole to more accurately assess the
variability in athlete MT with specific measures. Fourth, external rating may need to
involve greater interaction between the rater and the athletes to better evaluate MT,
particularly when it comes to internal processes.
Context- (sport-) specific versus general measurements. The next set of
dichotomous variables involving theory and instrumentation was the contextual nature of
the instrument and its subscales. MT measurements for a specific sport or setting were
categorized as context (sport)-specific. Instruments providing a general measure of MT or
general measure of MT in sports were categorized as general. Context-specific
measurements reported the largest effect size (rxy = .301, SE = .054) of the paired
variables included in Table 19. Though the number of observations was somewhat limited
(N = 22), the relationship between contextual measures assessing sport-specific attributes,
familiarity, understanding, knowledge, skill, experience, and expertise produced a more
robust correlation than general measurements (rxy = .214).
After quality weighting considerations, average effect sizes for each of these
categories increased. Context-specific measurements weighted as good quality produced
the largest effect size (rxy = .445, SE = .075) included in Table 20 that approached a large
correlation according to Cohen (1988). General instruments weighted good quality also
saw an increase in the average correlation (rxy = .246, SE = .022).
Sport instruments versus general measurement. To further analyze
contextualization of MT theory and measurement, instruments that provided a global
measure of MT within sport itself were analyzed in comparison to general measurements
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of MT. In view of the fact that participants in the meta-analysis had at least some
association to sport and the performance outcomes were specific to sport, athletes, or
athletic-related contests, sport instruments ought to have produced a stronger effect than
general instruments. And just as context-specific measurements produced a larger effect
size than general instruments, so did sport measurements, but not until the effect size was
partitioned by quality weighting. Good quality studies with sport measurements produced
the second largest effect size in Table 20 (rxy = .398, SE = .070) that was significantly (p
< .05) larger than the fair and poor evidence in the sport measurement subcategory.
General or global MT plays an important part in performance across domains; however,
domain or context-specific knowledge, experience, or expertise may effectively double
the strength of the effect. Context (sport)-specific and sport measurements highlight the
importance of setting, background, and situation within MT.
Subject Characteristics (Subject Coded Variables)
The complete sample of subjects included 19,406 sport participants. After
multiple calculations from different groups within the same study, the total sample size
from each correlation calculation included 59,265 sport participants assessed on one or
more outcome, with an average sample size of 126 per observed effect size from the total
470 observed effect sizes. The average age of each sample was 22 years per correlation,
with an average range of 12 to 53 years. After the age of participants, athletic experience
was assessed in a variety of methods depending upon data reporting of the study. The
difference in participant sampling according to gender was indicated by the percentage of
male participants included in the sample. The average percentage of male participants
compared to female participants for each correlation was 64%, meaning for each
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correlation male participants were sampled more frequently at a rate of roughly two to
one.
Sampling. The characteristics of the sample and its participants were coded as
subject variables and used to observe changes in the average effect size of the
MT/performance relationship. In Table 21, the number of participants in each sample was
used to partition the average correlation in two ways. First, sample sizes were categorized
by specific ranges (1‒25, 26‒50, and so on; see Table 21). Second, samples sizes were
categorized dichotomously as either small (< 100) or large (≥ 100). In both instances,
effect sizes appeared stronger for small sample inquiries, with the 1‒25 category
reporting the largest effect size as well as the most effect size observations (N = 137, rxy
= .304, SE = .036). Samples of less than 100 participants reported the next strongest
correlation at rxy = .247, SE = .021, which was significantly (p < .05) stronger than
samples of greater than 100 participants. An exception to this smaller sample size rule is
the 200+ sample category, which produced the third strongest effect size, suggesting that
the relationship is not uniquely dependent upon the number of participants in the sample.
Table 21
Sample Size and Average MT Correlation
Confidence
Sample Size
Correlation
Standard
Interval
Sample
Range Category
(M)
Error (SE)
(LL, UL)
Size (N)
1-25 Participants
.304 a
.036
.238
.367
137
26-50 Participants
.195a, b
.027
.144
.247
92
51-75 Participants
.220a, b
.040
.139
.298
23
76-100 Participants
.120a, b
.035
.049
.192
23
101-200 Participants
.155b
.020
.115
.194
132
200+ Participants
.225a, b
.026
.176
.274
63
<100
.247a
.021
.208
.286
274
Large v. Small
.177b
.016
.146
.208
196
Samples
≥100
Note. The table is divided two sections. The top section reports the average correlation by a specific range
while the bottom section (shaded) is separated by small and large samples of <100 or ≥100. Effect sizes
with the same subscript were not statistically different using the Bonferroni correction.
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Additionally, a portion of the variance related to the sample size of the
observations is most likely a function of the methodology type. As previously presented,
experimental studies with much smaller sample sizes also produced the strongest effect
sizes of the relationship, while larger group comparison studies measuring a single
outcome or an outcome with little variability may not readily or accurately appraise the
relationship.
Age and experience differences. Previously in this analysis age and experience
were coded as subjective outcomes. In this section, the age and experience characteristics
will be considered partitioning variables using three different methods: (1) youth versus
adult athletes, (2) amateur versus professional athletes, and (3) participants’ years of
experience in the sport.
Youth versus adult sport. First, the average correlation was partitioned by
participants of youth sports (under 18 years of age) and participants of adult sport (18
years of age and older). If the study sampled youth and adult sport participants together,
effect sizes were coded in the category of mixed participants. For youth sport participants
the MT/performance effect size was significantly stronger (rxy = .289, SE = .030, p < .05)
than for adult sport participants (rxy = .190, SE = .018; see Table 22).
Table 22
Age/Experience as Covariates or Partitioning Variables

Age/Experience Category
Youth Sport Sample <18
Adult Sport Sample ≥18
Mixed Sampling
Non-Professional Sample
Professional Sample
Mixed Sample
Non-Athlete Experience 0-2

Correlation
(M)
.289a
.190b
.175b
.260a
.122b
.224a, b
.160a
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Standard
Error (SE)
.030
.018
.022
.018
.018
.055
.040

Confidence
Interval
(LL, UL)
.235
.342
.157
.223
.132
.217
.220
.288
.088
.157
.111
.331
.080
.237

Sample
Size (N)
139
279
52
327
127
16
37

Amateur Experience 2-8
.261a
.026
.213
.308
177
Elite Experiences 8+
.197a
.020
.159
.235
214
Mixed Sample 0-8+
.194a
.025
.145
.243
42
Note. The table is divided three sections for age and experience- related covariates. Effect sizes in a section
with the same subscript were not statistically different using the Bonferroni correction. Bolded results show
the strongest relationships in the category. Shaded regions added for convenience.

Amateur versus professional athletes. The second method of coding experiencerelated subject variables was between non-professional, professional, and mixed samples.
Non-professional athletes were defined as athletes competing for non-professional teams
or in non-professional leagues such as recreational, club, secondary schools, and
universities. Conversely, professional athletes were coded as those athletes competing for
professional teams or in professional leagues. The mixed code in this category comprised
samples that included a combination of both non-professional and professional athletes,
as reported by the study. Similar to the youth sport category, non-professional athletes
reported a significantly larger effect size (rxy = .261, SE = .026, p < .05) than professional
athletes (rxy = .122, SE = .018). The mixed sample category reported an effect size
between the non-professional and professional partitions, as might be expected.
Experience in the sport. The third method of coding experience included years of
participation where participants with 0 to 2 years of experience were coded as nonathletes, 2 to 8 years were coded as amateurs, and 8+ years were classified as elite
athletes. If studies did not report experience in the sport, time in the sport was estimated
based upon participants’ current age and level of competition. This category of
experience departs from the previous two coding methods (youth versus adult and
amateur versus professional) in that the least experienced group, the non-athletes,
reported the weakest effect size (rxy = .160, SE = .040). Both amateur and elite athlete
groups reported stronger average correlations, (rxy = .261, SE = .026, and rxy = .197, SE
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= .020, respectively). Taken together, experience-related variables suggest the
MT/performance relationship is strongest in youth and amateur sports, but it also
suggests the relationship continues to grow until elite levels of competition are present
and successful outcomes may be attributed to other significant variables. Additionally,
athletes with little to no sporting experience produced a smaller average correlation,
indicating a minimal level of sport experience and contextual knowledge is necessary to
develop MT and/or see performance increases. This also supports MT as a uniquely
sport-based theory that often translates into real-world application.
Age and experience characteristics by outcome. Each of the three different
methods of coding age and experience-related variables was further partitioned according
to different performance outcomes. In Table 23, each category reported the effect size for
the total objective and subjective performance outcomes. Only small effect sizes were
reported with two notable exceptions, athletes in the youth and amateur age/experience
categories (Cohen, 1988). Youth sport athletes reported stronger average correlations for
subjective performance (rxy = .317, SE = .040). Amateur sport participants reported a
medium correlation for subjective performance as well (rxy = .300, SE = .038).
Table 23
Age and Experiences by Objective/Subjective Outcomes
Age / Experiences Category

Youth Sport
(<18) v. Adult
Sport (>18)
Samples
Non-Professional
v. Professional
Experience

Objective/Subjective
Objective
Youth Sport
Subjective
Objective
Adult Sport
Subjective
NonObjective
Professional Subjective
Objective
Professional
Subjective
Non-Athlete Objective

Correlation
(M)
.226a
.317a
.170a
.216a
.225a
.273a
.120a
.128a
.090a
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Standard
Error
(SE)
.032
.040
.024
.026
.027
.024
.021
.033
.049

Confidence
Interval
(LL, UL)
.164
.287
.243
.386
.125
.216
.166
.265
.173
.276
.228
.317
.079
.162
.062
.193
-.014
.192

Sample
Size
(N)
43
96
161
118
129
198
94
33
15

Subjective
.207a
.057
.091
.317
22
Objective
.205a
.032
.143
.265
73
Amateur
Subjective
.300a
.038
.230
.366
104
Objective
.180a
.025
.132
.226
134
Elite
Subjective
.225a
.034
.160
.289
80
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction. Bolded data reported larger effect sizes. Shaded regions added for convenience.

Age and experience by objective and subjective subcodes. Experience-related
variables were further partitioned by outcome subcodes to identify substantial areas of
covariation in the MT/performance relationship. Despite subjective outcomes reporting
larger average effect sizes for each experience-related category, the results of each
objective subcode reveal important findings. In Table 24, though limited to only five
effect size observations, winning among youth sport participants reported a medium
correlation (rxy = .426, SE = .091). The next strongest effect size in regard to the different
objective outcomes were physiological performance increases for both youth (rxy = .331,
SE = .086) and adult athletes (rxy = .336, SE = .126). These were followed by small
average correlations of in-game performance for youth (rxy = .206, SE = .037) and adult
participants (rxy = .240, SE = .066).
Table 24
Age/Experiences by Objective Subcodes
Age/Experiences Category

Youth Sport

Adult Sport

Objective Subcodes
Winning
Rank
In-Game Performance
Physiological Performance
Competitive Level
Team Status
Winning
Rank
In-Game Performance
Physiological Performance
Competitive Level
Team Status

Correlation
(M)
.426a
.148a
.206a
.331a
.111a
-.018a
.109a
.179a
.240a
.336a
.141a
.161a

137

Standard
Error (SE)
.091
.154
.037
.086
.020
.051
.058
.087
.066
.126
.025
.092

Confidence
Interval
(LL, UL)
.198
.610
-.328
.564
.133
.278
.106
.524
.025
.195
-.582
.558
-.009
.222
-.018
.364
.108
.364
.080
.551
.092
.190
-.047
.355

Sample
Size
(N)
5
4
24
5
3
2
34
9
23
15
70
10

Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction. The strongest effect size and the corresponding data were bolded.

Subjective subcodes were also examined in conjunction with experience-related
characteristics, with age/experience outcomes removed as outcomes (see Table 25). The
results produced large correlation between MT and psychological improvements in youth
sport athletes (rxy = .579, SE = .087), which was significantly larger than individual
performance improvements (rxy = .220, SE = .082) and increased training (rxy = .254, SE
= .042). This same pattern was seen in amateur athletes with 2 to 8 years of experience.
Amateur athletes saw large increases in psychological improvement, producing a
significantly larger effect size (rxy = .523, SE = .083). This suggests that increased
experience (from either youth or amateur athletes) positively and significantly influences
the relationship between self-esteem, self-efficacy, positive affect, and satisfaction with
performance and MT. The amateur athlete experience group also produced medium effect
size for increased training (rxy = .330, SE = .052), suggesting perhaps that as experience
increases, so does the relationship between MT and effortful training.
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Table 25
Age/Experience by Subjective Subcode
Age / Experience Category

Confidence
Standard
Interval
Sample
Subjective Subcodes
Correlation (M)
Error (SE)
(LL, UL)
Size (N)
Individual Performance
.220a
.082
.058
.370
35
Youth Sport
Psychological Improvement
.579b
.087
.445
.687
19
Increased Training
.254a
.042
.172
.334
24
Individual Performance
.576a
.145
.303
.761
8
Adult Sport
Psychological Improvement
.293b
.045
.209
.374
38
Increased Training
.233b
.066
.097
.358
17
Individual Performance
.304a
.078
.155
.441
41
Non-Professional Psychological Improvement
.393a
.052
.300
.447
51
Increased Training
.252a
.032
.190
.312
49
Individual Performance
.093a
.284
-.999
.999
2
Professional
Psychological Improvement
.398a
.041
.237
.536
3
Increased Training
.170a
.027
.097
.242
5
Individual Performance
.372a
.421
-.999
.999
2
Non-Athlete Psychological Improvement
.235a
.107
-.034
.474
6
Increased Training
.155a
.078
-.036
.334
7
Individual Performance
.287a
.084
.123
.435
37
Experience
Amateur
Psychological Improvement
.523b
.083
.384
.639
17
Increased Training
.330a
.052
.228
.424
18
Individual Performance
.295a
.267
-.688
.896
3
Elite
Psychological Improvement
.357a
.062
.242
.463
33
Increased Training
.189a
.064
.053
.318
14
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni correction. The strongest effect size and the
corresponding data were bolded. Shading within categories included for convenience.
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In Table 25, individual performance improvement or self-referenced criteria for
performance increased also produced a significantly (p < .05) stronger average effect size
for adult sport athletes (rxy = .576, SE = .145). Individual performance improvements
were not unique to the adult athlete group. Non-professional athletes also produced a
medium correlation for individual performance improvement, with an effect size of rxy
= .304, as well as a medium correlation for psychological improvement at rxy = .393.
Additionally, the non-athlete participant group reported a medium correlation for
individual performance improvement (rxy = .372, SE = .421); however, only two effect
size observations were coded for this group with considerable error about the mean.
The elite athlete experience group (see Table 25) produced a medium average
correlation for psychological improvements (rxy = .357, SE = .062). While the effect sizes
for individual performance (rxy = .295) and increased training (rxy = .189) were both
small, each category produced a stronger effect than overall objective performance (rxy
= .182), indicating that for even the most elite or experienced athletes, MT is vital to
subjective successes relative to the individual athlete.
Gender differences. The gender differences for each effect size were coded in
two ways (see Table 26). First, the percentage of the sample that was reported as male
was put into four categories: 0‒25% (mostly female), 26‒50% (majority female), 51‒75%
(majority male), and 76‒100% (mostly male). Second, the participant sample of each
effect size was coded by simple majority: female group versus male group.
Table 26
Gender Differences and the Correlation Between MT and Performance
Gender Categories
0-25% Mostly Female

Correlation
(M)
.135a
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Standard
Error (SE)
.038

Confidence Interval
(LL, UL)
.059
.210

Sample
Size (N)
47

% of the
26-50% Majority Female
.197a, b
.029
.140
.252
122
Sample
51-75% Majority Male
.190a, b
.021
.149
.229
114
Male
76-100% Mostly Male
.269b
.024
.224
.313
187
Simple
Female Group
.168a
.024
.122
.214
157
Majority
Male Group
.239b
.017
.207
.271
301
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction. The strongest effect size and the corresponding data were bolded. Shading was added for
convenience.

Samples of mostly female participants (0‒25%) reported a significantly (p < .05)
smaller average correlation than the mostly male participants category (76‒100%), with
effect sizes of rxy = .135 and rxy = .269, respectively (see Table 26). The majority female
and majority male categories did not significantly differ (p <.05), although the four
categories demonstrate a slight trend indicating a stronger relationship between MT and
performance as the sampling shifts to predominantly male participants. This result is
supported by the coded simple majority categories, where the male group (rxy = .239, SE
= .017) reported a significantly stronger effect (p < .05) than the female group (rxy = .168,
SE = .024), conceivably indicating that MT plays a significantly smaller role in female
athlete performance.
On the other hand, these finding may underscore and highlight significant gender
bias within current MT conceptualizations. Issues of gender equality permeate every level
of sport and athletic participation (Coakley, 2015). Therefore, the obstacles and barriers
facing females may necessitate different mental, emotional, and cognitive attributes to
attain performance increases. MT theories and measurements developed by male
researchers with perhaps prototypical or stereotypical male athletes in mind may not
accurately gauge MT in female athlete samples.
Female athlete representation in the MT literature seems to mirror everyday
gender equity issues in sport. Fewer effect size observations with female participants
made it difficult to compare gender coded variables alongside other study and subject
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characteristics. For example, the mostly female category did not report an average
correlation for the fair evidence quality weighting category in Table 27. Nevertheless, the
good evidence with mostly female participants reported an effect size of rxy = .236, which
was consistent with the effect size of the mostly male participant category from Table 26
(rxy=.269). This may indicate that the relationship between MT and performance does not
significantly differ by gender, but the scientific rigor with which MT and performance are
methodologically assessed varies significantly by gender. This is supported by apparent
differences between the majority female (26‒50%) and majority male (51‒75%)
categories after partitioning by quality weighting. The majority female category reported
a medium average correlation (rxy = .300, SE = .047), and the majority male category
correlation remained small (rxy = .186, SE = .026) after considering the good evidence.
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Table 27
Gender Differences and the Correlation Between MT and Performance
Gender Categories

Confidence
Correlation
Standard
Interval
Sample
Quality Weighting
(M)
Error (SE)
(LL, UL)
Size (N)
Total
.135
.038
.059
.210
47
Good Evidence
.236a
.086
.057
.401
15
0-25%
Fair Evidence
Poor Evidence
.087a
.037
.011
.162
32
Total
.197
.029
.140
.252
122
Good Evidence
.300a
.047
.208
.387
22
26-50%
Fair Evidence
.210a
.044
.124
.291
68
% of the
Poor Evidence
.097a
.049
-.002
.194
32
Sample
Total
.190
.021
.149
.229
114
Male
Good Evidence
.186a
.026
.135
.235
64
51-75%
Fair Evidence
.188a
.051
.085
.286
32
Poor Evidence
.207a
.035
.135
.276
18
Total
.269
.024
.224
.313
187
76Good Evidence
.317a
.039
.246
.383
71
100%
Fair Evidence
.193a
.041
.113
.270
48
Poor Evidence
.272a
.044
.189
.351
68
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction. The good evidence quality weighting category effect size and the corresponding data were
bolded.

Gender and objective outcomes. Too few observations were also reported in
terms of objective outcomes for the mostly female category (see Table 28). Rank and
physiological performance have not been assessed in relation to MT. In-game
performance and team status reported samples of two (N = 2, rxy = .493) and one (N = 1,
rxy = .740), respectively, making meaningful inferences difficult. In the majority female
(26‒50%) category, no objective performance outcome reported more than 10 effect size
observations, with physiological performance again reporting zero observations.
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Table 28
Gender Differences and the Correlation Between MT and Performance
Gender Categories

Confidence
Correlation
Standard
Interval
Sample
Objective Subcodes
(M)
Error (SE)
(LL, UL)
Size (N)
Winning
-.033a
.046
-.132
.068
12
Rank
In-Game Performance
.493b
.379
-.999
.999
2
0-25%
Physiological Performance
Competitive Level
.146a, b
.040
.065
.225
24
Team Status
.7401
Winning
.5021
Rank
.146a
.106
-.104
.379
8
In-Game Performance
.211a
.124
-.311
.635
3
26-50%
Physiological Performance
Competitive Level
.087a
.116
-.230
.387
5
Team Status
.060a
.041
-.040
.159
7
% of the Sample Male
Winning
.232a
.102
-.015
.451
7
Rank
.2901
.
.
.
1
In-Game Performance
.180a
.048
.083
.274
23
51-75%
Physiological Performance
.172a
.149
-.235
.528
5
Competitive Level
.167a
.046
.074
.257
25
Team Status
Winning
.217a
.094
.022
.396
19
Rank
.185a
.120
-.195
.515
4
In-Game Performance
.245a
.058
.127
.356
19
76-100%
Physiological Performance
.369a
.103
.166
.541
17
Competitive Level
.137a
.028
.082
.192
37
Team Status
.054a
.047
-.094
.199
4
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni correction. Numeric superscript indicates the
effect size was not included in the test of statistical significance. The strongest effect size and the corresponding data were bolded.
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Conversely, the mostly male (76‒100%) category reported observations for each
objective outcome category. Physiological improvements produced a medium average
correlation (N = 17, rxy = .369, SE = .130), which was the strongest effect size for the mostly
male samples, with in-game performance (N = 19, rxy = .245, SE = .058) and winning (N = 19, rxy
= .217, SE = .094) following narrowly behind. Notably, the competitive level outcomes for the
mostly female (0‒25%) and mostly male (75‒100%) samples were similar in terms of effect size,
standard error, and the number of observations with a slightly stronger correlation reported by
the mostly female category (N = 24, rxy = .146, SE = .040) than the mostly male category (N =
37, rxy = .137, SE = .028). This demonstrates a consistent relationship, though small, between
MT and competing at higher levels of competition across gender differences when MT is studied
more comprehensively.
Gender and subjective outcomes. The mostly female (0‒25%) category was also
underrepresented in terms of subject outcomes, with only eight total effect size observations (see
Table 29). Though the evidence is limited, large effect sizes were reported for both the mostly
female (0‒25%, rxy = .510) and majority female (26‒50%, rxy = .513, p < .05) categories for the
outcome of psychological improvement. This may indicate that female athletes in particular see
significant psychological benefits and opportunities (e.g., satisfaction with performance, selfefficacy, and self-esteem) from the MT relationship.
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Table 29
Gender Differences and the Correlation Between MT and Performance
Gender Categories

Confidence
Standard
Interval
Sample
Subjective Subcode
Error (SE)
(LL, UL)
Size (N)
Individual Performance
Psychological Improvement
.5101
1
0-25%
Increased Training
.143a
.090
-.108
.373
5
Age/ Experience
-.019a
.081
-.778
.763
2
Individual Performance
.140a
.100
-.066
.334
26
Psychological Improvement
.513b
.090
.357
.649
11
26-50%
Increased Training
.228a
.036
.178
.315
33
Age/ Experience
.102a
.030
.041
.161
28
% of the
Sample Male
Individual Performance
.542a
.079
.342
.695
4
Psychological Improvement
.212b
.046
.119
.301
23
51-75%
Increased Training
.210b
.046
.095
.319
6
Age/ Experience
.098b
.026
.043
.152
20
Individual Performance
.491a
.111
.287
.653
13
Psychological Improvement
.487a
.080
.350
.603
24
76-100%
Increased Training
.244a
.068
.103
.375
16
Age/ Experience
.183b
.037
.109
.255
34
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni correction. Numeric superscript indicates the
effect size was not included in the test of statistical significance. Statistically significant data were bolded. Shading was added for convenience.
Correlation
(M)
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The mostly male (76‒100%) category also reported a medium correlation for MT
and psychological improvement (rxy = .487, SE = .080), which was only slightly less than
the average correlation for both predominantly female participant categories. However,
unlike the predominantly female categories, the mostly male (76‒100%) and majority
male (51‒75%) categories both reported significantly stronger individual performance
improvement of rxy = .491 and rxy =.542, respectively. Furthermore, the mostly male
category reported a significantly stronger effect of increased training (rxy = .244, SE
= .068) when compared to age or experience-related outcomes (rxy = .183, SE = .037).
Cultural, racial, and ethnic differences. Due to inconsistent reporting of
demographic, racial, and ethnic participant characteristics, the only coded variables to
capture sociological differences in samples was a dichotomous variable of either U.S.
participants or non-U.S. participants. In Table 30, non-U.S. participant samples reported
a stronger relationship between MT and athletic performance than U.S. participant
samples, with average correlations of rxy = .232 and rxy = .179, respectively. Variances
may be the result of actual relationship differences, but given the fact that many MT
developments in theory and measurement have been produced by non-U.S. researchers, it
is plausible differences may be due to cultural influences in the conceptual frameworks.
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Table 30
Cultural Subcode
Confidence
Correlation
Standard
Interval
Sample
Participant Culture Code
(M)
Error (SE)
(LL, UL)
Size (N)
U.S. Participants Sample
.179a
.023
.134
.224
126
Non-U.S. Participant Sample
.232a
.017
.200
.264
344
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction.

Sport differences. In Table 31, the primary sport of the athletes was coded and
results were listed in order of strongest effect size. Kickboxing athletes reported the
strongest effect of MT (rxy = .838, SE = .150), and equestrian athletes reported an inverse
effect of MT (rxy = -.033, SE = .046). A total of 33 different sports were coded, and
studies that utilized athlete samples of a variety of sports were coded as mixed. The most
frequently observed sports were tennis (N = 48, rxy = .185, SE = .040), swimming (N =
39, rxy = .292, SE = .084), basketball (N = 32, rxy = .103, SE = .035), and cricket (N = 22,
rxy = .278, SE = .052), which all reported small average correlations and greater than 20
effect size observations. Five sports reported large average correlation according to
Cohen’s (1988) with a total of 15 observations: kickboxing, race-walk, triathlon/Ironman,
handball, and rifle shooting. Seven sports reported a medium average correlation with a
total of 41 observations: netball, golf, table tennis, volleyball, bowling, track and field,
and badminton. The remaining 21 sports reported small average correlations with a total
of 282 observations. The mixed sport category reported an effect size of MT of rxy = .150
and SE = .018.
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Table 31
Average Correlation by Sport
Correlation
Standard
Confidence Interval
Sport
(M)
Error (SE)
(LL, UL)
Kickboxing
.838
.150
.513
.953
Race-walk
.782
.238
-.962
.999
Triathlon and Ironman
.657
.060
.485
.781
Handball
.550
.210
.079
.820
Rifle Shooting
.541
Netball
.476
.046
-.061
.799
Golf
.445
.078
.227
.622
Table Tennis
.441
.071
.312
.555
Volleyball
.409
.112
.174
0.601
Bowling
.388
.110
.126
0.599
Track and Field
.364
Badminton
.319
.114
-.805
.944
Wrestling
.295
.040
.208
.377
Swimming
.292
.084
.130
.439
Cricket
.278
.052
.176
.375
Triathlon
.248
.219
-.987
.995
Cross-Country
.245
.098
-.001
.464
Archery
.239
Wushu Martial Arts
.232
Cycling
.230
.023
-.058
.509
Soccer
.228
.056
.113
.337
Mixed Martial Arts
.227
.069
.053
.388
Fencing
.215
.389
-.999
.999
Australian Football
.208
.029
.149
.265
Baseball
.194
.045
.080
.302
E-Sports
.191
.065
.055
.319
Endurance Athletes
.189
.038
.110
.265
Tennis
.185
.040
.106
.262
Multi-Sport Sample
.150
.018
.115
0.184
Basketball
.103
.035
.032
.173
Ultramarathon
.024
.091
-.224
.269
Rugby
.010
.042
-.081
.101
Alpine Ski
-.030
.130
-.417
.366
Equestrian
-.033
.046
-.132
.068
Note. Darkest regions are large effect sizes descending in degree by tenths.

149

Sample
Size (N)
3
2
3
6
1
2
4
17
9
6
1
2
9
39
22
2
6
1
1
2
16
6
2
19
6
18
18
48
132
32
5
14
4
12

Because more than 63% of the coded sports reported fewer than 10 effect size
observations, the unique characteristics of each sport were also coded to further assess
what types of athletes benefit from the MT/performance relationship.
Athlete characteristics subcodes. Three dichotomous categories of athlete
characteristic subcodes were created: individual versus team sports, contact versus noncontact sports, and aerobic versus anaerobic sports. Athlete samples that included both
types of characteristics within the same category (i.e., both individual and team sport
athletes in the same sample) were coded as mixed (see Table 32).
Table 32
Athlete Subcodes
Confidence
Correlation
Standard
Interval
Sample
Sport Subcodes
(M)
Error (SE)
(LL, UL)
Size (N)
Individual Sport
.275a
.024
.230
.318
213
Individual /
Team Sport
.195b
.022
.153
.237
142
Team
Mixed Sport Sample
.139b
.020
.101
.177
115
Contact Sport
.275a
.044
.193
.353
62
Contact /
Non-Contact Sport
.235a
.019
.200
.269
298
Non-Contact
Mixed Sport Sample
.138b
.019
.100
.175
110
Aerobic /
Aerobic Sport
.230a
.028
.176
.282
109
Anaerobic
Anaerobic Sport
.242a
.023
.199
.284
225
Mixed Sport Sample
.167b
.019
.130
.205
136
Note. Effect sizes in a section with the same subscript were not statistically different using the Bonferroni
correction. Bold results reported the largest effect in their category. Shading added for convenience.

Individual sport athletes reported significantly (p < .05) stronger effect sizes (rxy
= .275, SE = .024) than team sport athletes (rxy = .195, SE = .022). The difference in these
two dichotomies may suggest a stronger MT relationship is essential for individual
sports, but it may also suggest the performance increases by a single athlete are more
easily appraised or quantified in relation to MT than performance increases by the team.
Contact sport athletes also reported a greater average correlation (rxy = .275, SE = .044)
than non-contact sports (rxy = .235, SE = .019). Though not significantly greater than non150

contact sports, the physical element of contact sports may require greater profundity of
MT or require additional MT components to succeed in contact sports. Lastly, the effect
sizes for aerobic (rxy = .230, SE = .028) and anaerobic (rxy = .242, SE = .023) athletes
were not significantly different. Nevertheless, like the slight difference in contact and
non-contact sports, the differences in aerobic and anaerobic sport may indicate important
distinctions in the form and function of MT.
The gap in these dichotomous categories widened after quality weights were
added as partitioning variables (see Table 33). After considering only good quality
evidence, individual, contact, and anaerobic sport athletes reported significantly (p < .05)
larger correlations compared to their counterparts, which remained in the range of small
correlations according to Cohen (1988). Individual sports allow a greater portion of the
competition to be under the athlete’s control. Contact and anaerobic sports provide an
added dimension of contextual learning and training experience that may result in a
stronger relationship between MT and performance.
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Table 33
Athlete Subcodes by Quality Weighting
Confidence
Correlation
Standard
Interval
Sample
Sport Subcodes
(M)
Error (SE)
(LL, UL)
Size (N)
Individual Sport
.275
.024
.230
.318
213
Good Evidence
.369a
.037
.303
.431
69
Fair Evidence
.199b
.035
.133
.265
106
Poor Evidence
.309a, b
.062
.184
.412
38
Team Sport
.195
.022
.153
.237
142
Good Evidence
.196a
.029
.140
.252
68
Fair Evidence
.158a
.032
.092
.222
23
Poor Evidence
.212a
.046
.121
.298
51
Contact Sport
.275
.044
.193
.353
62
Good Evidence
.367a
.103
.185
.554
17
Fair Evidence
.156a
.026
.101
.210
15
Poor Evidence
.268a
.065
.141
.385
30
Non-Contact Sport
.235
.019
.200
.269
298
Good Evidence
.270a
.025
.223
.315
116
Fair Evidence
.197a
.031
.137
.255
122
Poor Evidence
.245a
.046
.157
.328
60
Aerobic Sport
.230
.028
.176
.282
109
Good Evidence
.148a
.032
.085
.210
46
Fair Evidence
.252a, b
.055
.147
.353
38
Poor Evidence
.340b
.064
.218
.451
25
Anaerobic Sport
.242
.023
.199
.284
225
Good Evidence
.354a
.033
.296
.409
87
Fair Evidence
.124b
.038
.049
.198
73
Poor Evidence
.217b
.045
.131
.301
65
Note. Shaded areas report the total effect for the category. Effect sizes in a section with the same subscript
were not statistically different using the Bonferroni correction. Good evidence results were bolded.

152

Athlete characteristics subcodes by objective outcomes subcodes. The objective
outcomes for sport characteristics subcodes were reported in Table 34 to detect any
sizable effects specific to any athlete characteristics.
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Table 34
Athlete Characteristic Subcodes by Objective Subcode

Sport Subcodes
Individual Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status
Team Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status
Contact Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status
Non-Contact Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status
Aerobic Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status
Anaerobic Sport
Winning
Rank
In-Game
Physiological
Competitive Level
Team Status

Correlation
(M)

Standard
Error (SE)

.260
.514a
.159a, b
.220a, b
.541a
.116b
.151
.028a
.3021
.229a
.183a
.225a
.194a
.260
.225a
-.169a
.509a
.544a
.225a
.028a
.187
.118a
.197a
.201a
.271a
.145a
.349a
.198
.141a
.130a
.210a
.223a
.289a
.071a
.208
.157a
.194a
.227a
.422a
.149a
.253a

.037
.127
.078
.038
.185
.048
.027
.038
.
.085
.062
.032
.154
.056
.138
.
.152
.288
.038
.055
.024
.051
.073
.036
.084
.042
.295
.040
.061
.031
.098
.129
.064
.061
.028
.075
.119
.037
.113
.031
.234

Confidence
Interval
(LL, UL)
.191
.327
.268
.697
-.012
.320
.145
.293
.168
.779
.017
.215
.099
.202
-.050
.107
.
.
.051
.393
.052
.308
.163
.279
-.197
.531
.151
.363
-.073
.487
.
.
-.091
.838
-.297
.910
.148
.300
-.204
.257
.141
.232
.013
.221
.040
.345
.130
.270
.101
.425
.060
.229
-.720
.927
.119
.274
.007
.269
.045
.215
-.003
.405
-.060
.473
.150
.418
-.607
.689
.156
.260
.004
.302
-.085
.445
.154
.299
.195
.605
.087
.211
-.451
.763

Sample
Size (N)
80
9
12
32
8
19
87
30
1
15
14
21
6
41
12
1
3
4
18
3
127
27
12
44
18
23
3
51
12
5
12
11
9
2
117
27
8
35
11
32
4

Note. Shaded areas report the averages for the whole category. Effect sizes in the same section with the
same subscript were not statistically different using the Bonferroni correction.
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The individual, contact, and anaerobic athlete characteristics each reported large
or medium objective outcome effect sizes. Individual sport athletes reported large
average correlations for winning (rxy = .514) and physiological performance (rxy = .541).
Contact sports also reported large correlations with physiological performance (rxy
= .544) as well as in-game performance (rxy = .509). Anerobic athletes also reported a
medium correlation with physiological performance (rxy = .422).
Athlete characteristic subcodes by subjective outcomes subcodes. In terms of
subjective outcomes, MT and psychological improvements continued to report significant
findings (see Table 35), Individual (rxy = .498), contact (rxy = .480), non-contact (rx
y=

.404), and anaerobic (rxy = .499) athletes all reported medium correlations for

psychological improvement. The relationship between MT and individual performance
was significantly greater for team sport (rxy = .472, SE = .156), contact sport (N = 1, rxy
= .883), and aerobic athletes (rxy = .568, SE = .187). Anaerobic athletes reported a
medium effect size for increased training, with many other athletic characteristics
reporting a small effect of training that approached the medium range. Contact sports also
reported a large correlation for increased training (N = 1, rxy = .670). Although contact
sports suffered from too few subjective outcome observations, it should be noted that
age/experience outcomes for contact athletes reported larger effects than most
subcategories, suggesting this small relationship may be indicative of a relationship that
gradually increases through time as contact sport experience grows.
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Table 35
Sport Subcodes by Subjective Subcodes
Standard
Confidence
Correlation
Error
Interval
Sample
Sport Subcodes
(M)
(SE)
(LL, UL)
Size (N)
Individual Sport
.282
.032
.223
.341
133
Individual Performance
.235a
.089
.059
.397
33
Psychological Improvement
.498b
.066
.389
.592
32
Increased Training
.257a
.039
.181
.330
26
Age/ Experience
.154a
.030
.094
.213
42
Team Sport
.264
.037
.194
.332
55
Individual Performance
.472a
.156
.143
.708
8
Psychological Improvement
.237a, b
.054
.128
.340
21
Increased Training
.283a, b
.068
.141
.413
13
Age/ Experience
.149b
.024
.099
.198
13
Contact Sport
.303
.067
.170
.425
21
Individual Performance
.8831
1
Psychological Improvement
.4801
1
Increased Training
.6701
1
Age/ Experience
.211a
.030
.149
.271
18
Non-Contact Sport
.270
.027
.220
.319
171
Individual Performance
.259a, b
.076
.112
.395
40
Psychological Improvement
.404a
.051
.315
.485
52
Increased Training
.236b
.032
.174
.297
41
Age/ Experience
.122b, c
.030
.062
.182
38
Aerobic Sport
.257
.040
.182
.330
58
Individual Performance
.568a
.187
.185
.802
7
Psychological Improvement
.245b
.053
.140
.345
22
Increased Training
.261a, b
.134
-.077
.544
6
Age/ Experience
.158b
.036
.085
.229
23
Anaerobic Sport
.278
.037
.210
.344
108
Individual Performance
.205a
.084
.037
.360
33
Psychological Improvement
.499b
.083
.349
.607
25
Increased Training
.309a, b
.050
.210
.401
19
Age/ Experience
.149a
.033
.083
.214
31
Note. Shade areas report the averages for the whole category. Effect sizes in the same section with the same
subscript were not statistically different using the Bonferroni correction.
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Chapter 5
Discussion
This discussion of the results emphasizes the major findings of this meta-analysis
and answers the many questions left unanswered by previous literature reviews. No
review has empirically concluded which theoretical definitions and measurements tools
offer the most validity. The important elements that underly MT theory also have yet to
be supported by the evidence. A key conceptual component still undecided is whether MT
is an objective or subjective performance enhancer. Likewise, conclusive evidence has
not been presented to suggest whether MT is predominantly a multidimensional or
unidimensional construct. Previous reviews have not offered any support for the causal
mechanisms revealing how MT works to improve performance. Finally, the most basic
and poignant of these questions: what precisely is the nature of the MT and athletic
performance relationship?
The Effect of MT
The vast body of evidence suggests a small correlation between MT and athletic
performance, but even a small grand mean correlation of rxyv= .218 (good evidence, rxy
= .260) from 470 observed correlations that explains only 4.75% of the variance (r2
= .047) in the MT/performance relationship should not be underestimated. In a pivotal
sport performance study critically examining how researchers assign value to small effect
sizes, Abelson (1985) analyzed the explained variance of baseball batting average.
Abelson posed the scenario of a major league manager seeking to improve the chances of
successful performance for the next at bat by substituting Batter A, batting two standard
deviations below average, for Batter B, batting two standard deviations above average.
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Though Batter B was a 13-time all-star, 3-time Batting Champion, 3-time Silver Slugger,
Golden Glove Winner, MVP, World Series Champion, and Hall of Famer with quadruple
the variance in skill, the difference between the two batters getting a hit in a single at bat
was 1.3% in terms of variance explained (Abelson, 1985). Using this example, Abelson
(1985) extrapolated two key points. First, a single at bat was not an appropriate and
discriminating assessment of batting skill, as so much of the variance in a single at bat is
left to chance. Second, a seasonal approach to batting average encapsulates how the skill
of an athlete cumulates into successful individual performances over time and, when
added to the cumulative skill of other athletes, results in greater team rallies. Rather than
regarding Hall of Fame batting skill as a trivial variable in baseball success, Abelson
(1985) advocated “in the [sporting] context, the attitude toward explained variance ought
to be conditioned on the degree to which the effects of the explanatory factor cumulate in
practice” (p. 133).
Abelson’s (1985) statistical analysis of baseball skill is relevant in this discussion
of MT in that the usefulness of MT as an explanatory variable depends largely upon the
outcome with which it is juxtaposed. For example, the equestrian competitions of
eventing, show jumping, and dressage undoubtedly require some, if not all, of the same
elements of MT as other sports, including dedication to a strict training regimen and
control and composure under the pressures of competition. However, a successful
outcome is predicated upon the mentality and behavior of an animal teammate,
confounding the relationship; this may reasonably explain why the equestrian sport
category produced one of two inverse relationships by sport (rxy = -.033). Without
thoughtful consideration of the outcome, it would appear MT negatively impacts
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equestrian athletes, when in practice, the sport requires MT in the same respects as other
sports. But just as a skilled batter up for a single bat has little control over that individual
outcome, so too may mentally tough equestrian athletes have difficulty controlling the
chance variance associated with competing with a horse teammate.
Eliminating teammate variance improved the strength of the MT and performance
relationship, as evidenced by individual sport athletes reporting nearly double the effect
size (rxy = .369) of team sport athletes after accounting for the quality of evidence. With
more of the actual performance under their control, individual sport athletes can produce
a much stronger effect of winning (rxy = .514). In comparison, team sport athletes
produced almost the smallest average correlation between MT and winning (rxy = .028).
Interestingly, when it came to MT and individual performance for team sport athletes (rxy
= .472), the average correlation resembled that of winning for individual sport athletes.
Athletes were able to better control their part in the process in the team performance.
If MT could eliminate all the chance variance in competitive outcomes, sport
would cease to be one of the most popular forms of recreation worldwide. The fact that
the outcome is not predetermined contributes to the allure, uniqueness, and marketability
of the sport industry. All the inherent spontaneity, unpredictability, and inconsistency of
sport and its chance variance cannot be overcome, nor should it, by simply switching on
mentally tough thinking when competitive circumstances arise, as evidenced by one of
the weakest overall correlational relationships reported between MT and objective
winning (rxy = .152, r2 = .023). Therefore, expecting mentally tough athletes to always
win is implausible, but MT can account for small amounts of variance, and these small
amounts cumulate and contribute to greater success over time (experimental effect size,
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rxy = .356, r2 = .126) or continual self-referenced improvements (individual performance,
good evidence, rxy= .536, r2 = .287). It should be noted the experimental category
includes only those studies in which MT was assessed at multiple points in time or over
the course of various interventions. Thus, chances are high that a skilled batter may strike
out; a mentally tough athlete may lose. But just as the small amounts of skill variance
added up to a Hall of Fame performance for a batter, so too does the variance accounted
for by MT cumulate in increasing the probability that successful outcomes will occur.
Conceptualizing and Defining MT
After careful scrutiny of both the outcomes and cumulative effects of MT, the
current meta-analysis settles many longstanding disputes and answers many questions
raised by previous reviews. Of particular concern are the nature and mechanisms of the
construct, most notably whether MT serves as an objective performance enhancer or a
subjective performance enhancer. As mentioned in the example above, the overall effect
of MT on objective performance (winning, rxy = .152, r2 = .023) is significantly smaller
than the overall effect of subjective improvements (rxy = .251, r2 = .063), especially in
three main categories: individual performance (rxy = .295, r2 = .087), psychological
improvement (rxy = .394, r2 = .155), and increased training (rxy = .235, r2 = .055). Though
nearly half of the included reviews considered MT an objective performance enhancer,
there is significant and overwhelming evidence the relationship between MT and
performance is far more subjective.
Connaughton et al. (2008b) researched MT development and sampled “superelite”
athletes who had previously won at least one gold medal in an Olympic Games or World
Championship. The researchers held that “mental toughness should be investigated in
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those individuals who have achieved the ultimate outcome in their sport” (Connaughton
et al., 2008b; p. 200). This recommendation may seem logical in that the highest form of
victory can only be obtained with the help of MT. But, as previously discussed, many
factors may preclude an athlete from obtaining greater objective success: inherent chance
variance, teammate variance, and perhaps physical or genetic limitations. For example,
Powell and Myers (2017) conducted a study similar to Connaughton et al.’s, but Powell et
al.’s sample of elite athletes were gold and bronze medal winners in the Paralympic
Games. Like Connaughton et al.’s (2008b) sample, Powell and Myers’s (2017) sample of
superelite athletes achieved the ultimate outcome in their respective competitions and by
extension should be considered archetypes of MT. Under Connaughton et al.’s (2008a)
proposal, Paralympic athletes would only exude greater MT than Olympic athletes if the
Paralympic athletes defeated the Olympic athlete in the same competition.
Logically, this seems to contradict the previous notion, given the unique and
formidable obstacles Paralympians must overcome to achieve the same objective success
as differently bodied athletes. This is because victory over the competition (winning) is
not required to be mentally tough. Comparing athletes on the same objective ends fails to
consider their subjective starting points as well as their accumulated improvements. The
Paralympic sprinter who loses both legs to amputation and relearns to walk, let alone
sprint, may never objectively beat the Olympic sprinter, but this does not mean the
Olympic sprinter has greater MT; quite the contrary. The athlete with superior MT may
be the athlete that never achieves the ultimate outcome, but continues to believe,
evaluate, learn, train, and improve individual performance despite failure to achieve a
desired objective outcome. This is evidenced by the significant relationship with reaching
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one’s potential (subjective performance), as opposed to beating the opponent (objective
performance).
A positive relationship between subjective success and the mentally tough is the
predominant theory among some researchers. According to Gucciardi et al. (2015), MT
athletes are, “determined to push [themselves] towards higher goals” and “strive for
continued success” (p. 34). This concept of striving toward goals is separate and distinct
from achieving success over another individual. In task-involving, motivational climates,
athletes train to master skills relevant to their sport and are rewarded for their effort and
improvement, whereas in ego-involving, motivational climates, athletes are praised for
ability and rewarded for outperforming others (Nicholls, Morley, & Perry, 2016). Task
climates are subjective, rewarding athletes for self-referenced, relative improvements in
their sports, and ego climates are analogous to objective outcomes, rewarding winning
outcomes. Nicholls et al. (2016) found a significant, positive correlation between MT and
a task climate (rxy = .40), compared to an ego climate, which showed a significant,
negative correlation (rxy= -.30) with MT (Duda & Treasure, 2013; see also Smoll &
Smith, 2013: Goal Orientation and Motivational Climate). The current analysis supports
this task-focused climate and affirms that the construct of MT is significantly related to
continued striving for goals (Gucciardi et al., 2015; Mahoney et al., 2014).
Applied sport and psychology examples. Many sport and non-sport examples
support this subjective framework of MT. Hall of Fame Coach Vince Lombardi famously
said, “winning isn’t a sometime thing… it is an all-the-time thing” and “winning is the
name of the game” (Lombardi, 2003, p. 189). This dogged pursuit of objective victory
may at first lead one to believe that objective success is what made Lombardi’s
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footballers mentally tough, but Lombardi (2003) also underscored that success in sport
and life is far more subjective, stating,
To be successful in life demands each man make a personal commitment to
excellence and to victory, even though we know deep down that the ultimate
victory can never be completely won. Yet that victory must be pursued… with
every fiber of our body, every bit of your might, and with all our effort. (p. 181)
Objective victory for most will not be achieved, but the emphasis in sport should be
placed on the commitment, pursuit, and effort to reach that end.
Likewise, no other coach could be considered a more objective success than
UCLA Coach John Wooden. But even after a record 10 championships, Wooden (1997)
stressed the importance of striving for greatness:
We are all the same in having the opportunity to make the most of what we have,
whatever our situation. The ultimate challenge for you is to make the attempt to
improve fully and be your best in the existing circumstances. (p. 171)
John Wooden was considered one of the greatest coaches of all time and was widely
known for his ability to engage with players to help them achieve their subjective
potential in pursuit of objective success (Pumerantz, 2012). In doing so, Wooden (1997)
defined success for his athletes in the following manner, “success is peace of mind that is
the direct result of self-satisfaction in knowing you did your best to become the best that
you are capable of becoming” (p. 170). Doing and getting the best out of oneself is
remarkably akin to Loehr’s 1995 definition of MT.
Modern psychology benefited immensely from the MT experiences recorded by
renowned neurologist and psychiatrist Viktor Frankl (1959), who described the physical
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and mental torment of his internment in World War II. Frankl (1959) recalled glimpsing
the sign “Auschwitz—the very name stood for all that was horrible: gas chambers,
crematoriums, massacres” (p. 9) and marching through electrified, barbed-wire fencing to
the first checkpoint that would decide whether he would be the first in his party to meet
such ends. While much has been written of the horrors of those circumstances, one
experience of Frankl’s (1959) brutally portrays the context. Sleeping on tiered wooden
beds side by side to accommodate nine men, Frankl was awakened to the sound of a
fellow prisoner tossing and turning over a nightmare. Rather than wake the man, Frankl
determined (1959), “no dream, no matter how horrible could be as bad as the reality of
the camp which surrounded us” (p. 29).
Within the camp, Frankl (1959) observed the outcomes of many compatriots and
drew an important conclusion,
Most men in a concentration camp believed that the real opportunities of life had
passed. Yet in reality, there was an opportunity and a challenge. One could make a
victory of those experiences, turning life into an inner triumph, or could ignore
the challenge and simply vegetate. (p. 72)
Soon after his liberation, Frankl (1959) developed a new form of psychological therapy
known as logotherapy, or “striving to find meaning in one’s life [which] is the primary
motivational force of man” (p. 99). There may not exist a scenario throughout human
history that could have required a greater amount of MT than being a prisoner of that
camp. Still, those who strove toward meaningful but sometimes miniscule goals, such as
planning “to invent at least one amusing story daily” (p. 43) in a place outwardly devoid
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of humor, continued to find subjective success and better endured those gruesome
circumstances (Frankl, 1959).
Recommended definitions. The subjective definitions from Loehr (1995) and
Gucciardi et al. (2015) support the subjective outcome relationship conceptually, along
with larger average effect sizes from the instruments that use them as a theoretical
foundation. Loehr’s (1995) early definition suggested mentally tough athletes get the
most out of their abilities in competitive circumstances, which is entirely subjective and
relative to the athlete’s baseline ability and potential. The MeBTough developed by Mack
and Ragan (2008) based on Loehr’s theories produced the largest average correlation of
any instrument (rxy = .341, r2 = .116). The definition of Gucciardi et al. (2015) even
defined MT as a capacity to achieve both objective and subjective goals despite major
and minor adversities and obstacles. The instrument corresponding to Gucciardi et al.’s
(2015) definition, the MTI8, also produced the second largest effect size of any
instrument (rxy = .334, r2 = .111). The current analysis concludes that the definitions by
both Loehr (1995) and Gucciardi et al. (2015) offer the most validity by producing the
largest effect sizes and emphasizing the subjective nature of the construct (see Table 36).
Furthermore, these definitions also emphasize key characteristics uncovered by the
analysis.
Table 36
Definitions
Recommended Definitions, Theories Elements, and Instruments
Toughness is the ability to consistently perform toward the
Definition upper range of your talent and skill regardless of competitive
circumstances.
Loehr
Self-Confidence, Negative Energy Control, Attention Control,
(1982,1995)
Theoretical Visualization and Imagery Control, Motivation, Positive
Elements Energy Control, Attitude Control, Mental Emotional and
Bodily Toughness

165

Instrument

Definition
Gucciardi
et al.
(2015)

Theoretical
Elements
Instrument

Mental, Emotional, and Bodily Toughness Inventory,
MeBTough (42),
Mack and Ragan (2008)
As a personal capacity to produce consistently high levels of
subjective (e.g., personal goals or strivings) or objective
performance (e.g., sales, race time, GPA) despite everyday
challenges and stressors as well as significant adversities.
Generalized Self-Efficacy, Buoyancy, Success Mindset,
Optimistic Style, Context Knowledge, Emotional Regulation,
Attention Regulation.
Mental Toughness Index, MTI8
Gucciardi et al. 2015

Trainability and contextual learning. Chief among the conceptual
characteristics of MT is the outstanding issue of trainability or the state- versus trait-like
nature of the construct. There is compelling evidence that constructs affirming MT is
learned and trained reported significantly stronger effects with improved performance
when compared to trait-like, inherited, or genetic theories of MT. High-quality evidence
suggested a very small average correlation with MT constructs espousing a trait-like
theory of MT (rxy = .105), and high-quality evidence of state-like MT produced an effect
nearly three times greater in magnitude (rxy = .290). This evidence suggests both
philosophical views of MT practically influence performance, but it is the
recommendation of the current study that MT be considered primarily trainable,
coinciding with the above definitions by Loehr (1995) and Gucciardi et al. (2015).
Loehr (1995) considered MT entirely trainable. He proposed that developing MT
centered on three main areas of mental, emotional, and physical training. Loehr’s (1995)
mental and psychological skills training interventions were like those examined in the
experiment coded evidence (Sheard et al., 2006; Goldberg, 1998; Loehr, 1982). Loehr
(1995) considered emotion control and empowering emotions essential for ideal
performance during competitions as well as motivation toward future improvement.
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Loehr (1995) also considered physical, or “outside-in” (p. 139), training integral to
developing and training MT, suggesting that periodization, or planned and scheduled
progressive cycles of training, were needed improve the various physical aspects unique
to an athlete’s sport. Loehr (1995) indicated “your plan should include concrete strategies
for increasing abdominal strength, heart and lung capacity, and general overall strength;
for protecting against injury and for improving flexibility. Consultation with a competent
physical trainer is a must” (p. 149).
Gucciardi et al. (2015) agreed that MT was more state-like than trait-like. These
researchers suggested more of the variance in MT was dependent upon the situation,
adding that MT included contextual knowledge and awareness in a specific area or sport.
Recently, Gucciardi (2017) concluded MT was completely state-like and defined it as a
“psychological resource that is purposeful, flexible, and efficient in nature for the
enactment and maintenance of goal-directed pursuits” (p. 18). Several findings in the
current meta-analysis support the conclusion that MT is primarily a state-like construct.
First, the average correlation between age and MT is rxy = .213 (good evidence), which is
greater than various objective outcomes. Since age cannot be a function of MT, the only
valid inference is that MT, on some level, is a function of age. Over time, psychological
skills and contextual knowledge are learned, as shown by the positive effect of MT
interventions. The increasing evidence for effective training also supports the state-like
nature of MT. Successful subjective and objective outcomes reinforce and expand beliefs
concerning effort, training, and abilities. Throughout a lifetime, athletes are frequently
exposed to tough experiences, challenging and affirming their resolve, resilience, and
determination (Anthony et al., 2015).
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It is no surprise, then, that MT instruments with some degree of contextuality
report a significantly stronger effect when compared to general MT measurements. The
more accumulated practice, knowledge, and experience an athlete has in a particular
sport, the more likely that athlete is to succeed. This seems like common sense, but it is
only now that the overall majority of evidence, and the majority of good evidence,
confirms contextual experience plays an important role in MT and performance. For
instance, a young athlete who has played soccer for years may exude an abundance of
MT on the field followed by great success, but if the context (sport) is suddenly changed
to something unfamiliar such as baseball, confidence may fade and determination may
wane; as a result, an athlete may not be as mentally tough in this context. Many aspects
of MT would transfer to the new context—for example, positivity, competitiveness, and
work ethic—but certain thoughts, feeling, beliefs, and skills would not be as strong in the
context of baseball as in the context of soccer for a soccer player.
Michael Jordan, who was arguably the greatest basketball player of all time and
was frequently lauded for his keen MT in basketball, may not have produced the same
level of MT in the context of baseball. Many elements of Jordan’s MT undeniably
transferred to the new context, but the magnitude and efficacy of each element may have
varied. While all of Jordan’s contextual knowledge accumulated in basketball
undoubtedly allowed for better situation recognition, decision-making, and increased
confidence, his confidence to take the game-winning shot in game six of the NBA Finals
might have been stronger than when he was the final batter in the ninth with two outs in
the World Series.
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This holds true for almost any professional experiencing a dramatic change in
context. A skilled neurosurgeon after years of complex surgical cases involving the brain
and spinal cord may struggle mentally and physically to the perform duties of a general
surgeon with no contextual experience. A simple surgical procedure, such as a routine
appendectomy, may prove challenging with no contextual knowledge. Certain surgical
skills would transfer to the new context, but MT in that moment might not be as strong.
The plausible inference is that many aspects of the construct are indeed transferable from
one context to another, but to a large extent, contextual elements (rxy = .445) are certainly
integral to superior MT and performance, producing nearly double the effect of general
MT (rxy = .246).
Suppose the hypothetical neurosurgeon was coached and trained on the
appendectomy procedure. Current levels of MT in addition to past surgical performance
and experiences would undoubtedly allow the doctor to quickly discover and perfect the
intricacies of the new procedure, increasing overall MT and appendectomy performance.
This anecdote is supported by the fact that MT is correlated with increased training (rxy
= .336), sport-specific training (rxy = .294), and several other interventions (rxy = .356)
shown to improve MT and performance. Intervention and training specifically have
profound effect on continued MT development and produced many of the largest effect
sizes reported in the meta-analysis results. For example, the highest-quality evidence of
mental and psychological skills as an intervention produced an average correlation
of .509, or 26% of the variance in performance improvement. In terms of Cohen’s d,
athletes who received this intervention reported an increase in performance 1.18 standard
deviation units stronger than control group athletes.
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By and large, athletes trained in goal-setting techniques set better goals and
achieve more subjective and objective success (Williams & Krane, 2013). The same is
true for relaxation and stress inoculation training; athletes are better equipped to
persevere and thrive in pressure situations. Thought-stopping and concentration
techniques help prevent sliding performance and catastrophizing. Athletes trained to
metacognitively monitor and manage their feelings can discipline and utilize their
emotions for greater motivation and perception, especially in adverse situations inherent
in sport (Williams & Krane, 2013). Teaching mentally tough thinking leads to greater MT
and better performance. This concept diverges considerably from suggestions made by
previous researchers that athletes without MT were simply learning to think and behave
as a mentally tough athlete and that true MT was more innate and inborn (Clough &
Strycharczyk, 2012). The present analysis considers learning to think and behave as a
mentally tough athlete is, in fact, true MT.
Dimensionality. The concept of dimensionality is perhaps the most confounding
conceptual finding resulting from this meta-analysis. Unidimensional instruments
produced a significantly larger average correlation than multidimensional instruments.
However, even these unidimensional instruments are rooted in multidimensional theory.
Whether the instrument provided a unidimensional or multidimensional score, each
assessed multiple MT elements. The MeBTough (Mack & Ragan, 2008) MT instrument,
based on Loehr’s (1995) definition and theory which was comprised of several different
dimensions, initially included the following seven dimensions: self-confidence, negative
energy control, attention control, visualization and imagery control, motivation, positive
energy control, and attitude control (Loehr, 1982). The definition and instrument MTI8
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by Gucciardi et al. (2015) were also developed on the foundation of generalized selfefficacy, buoyancy, success mindset, optimistic style, context knowledge, emotional
regulation, and attention regulation. Why, then, might a unidimensional instrument
produce a stronger effect than a multidimensional one?
Based on the meta-analysis results, the most justifiable conclusions are: (a) MT
dimensions are more efficacious when unified and used in combination, and (b) certain
dimensions or combinations of dimensions of MT are more efficacious than others,
depending on circumstances. Both are likely to be correct. Dimensions of self-confidence
and self-efficacy are widely discussed throughout the MT literature; see the examples
above of Loehr (1982) and Gucciardi et al. (2015). An athlete with unrestrained selfconfidence competing in a highly televised soccer match may flourish, demonstrating
incredible prowess under the many watchful eyes, but this confidence may be a
hinderance in the event a hard foul leads to infrequent freekick opportunity, when
attention control requires focus on opponent and teammate positioning, distance of the
goal and obstructing defensive wall, and the technique required to strike the ball
correctly, accounting for the previous variables. If the athlete lacks the necessary
emotional regulation, too much attention or aggression may then be paid to the aggressor
rather than the opportunity to win the match. Though hypothetical, the scenario illustrates
why it is that MT is not an abundance of a single psychological characteristic. It is, as
Gucciardi et al. (2015) suggest, a “resource caravan” (p. 28) of tools that work together to
improve athletic performance.
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The Mechanisms of Mental Toughness
Abelson’s 1985 statistical investigation, aptly subtitled, “When a Little is a Lot”
(p. 129), suggests small effects may eventually amass to improve overall chances of
success. As such, the cumulative effects of mental toughness, especially the subjective
effects, should not be overlooked when considering the causal mechanisms by which the
construct produces superior performance. No previous reviews were able to articulate any
causal mechanisms, but there is strong evidence for existing interventions that may work
in relation to the current findings.
The relationship between MT and objective performance in many cases is small,
but it is not trivial. On the other hand, the relationship between MT and subjective
performance is large, and in several cases, it is significantly larger than the objective
performance relationship, but subjective effects of MT should not be considered separate
and distinct from objective effects. The two relationships, and others, are postulated to
work in conjunction with one another, as evidenced by multiple measures including
outcomes of the same athletic populations. When competitive opportunities arise, win or
lose, mentally tough athletes are far more likely to realize self-referenced forms of
individual performance enhancement (rxy = .536, r2 = .287). Mentally tough athletes
demonstrate greater psychological improvements such as better perceptions, optimism,
satisfaction, and self-esteem, as well as greater reflection, evaluation, learning, and
monitoring of their past and present performance (rxy = .341, r2 = .116). Mentally tough
athletes also produce greater effort during training, sustain longer training sessions,
engage in more sport-specific practice, train for a greater number of years, receive more
instruction during training, and exercise with greater vigor, and their beliefs about their
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ability to improve also intensify (rxy = .336, r2 = .112). These larger subjective effects—
psychological improvements, training enhancements, and self-referenced performance
increases—are also likely to accumulate, leading to greater objective successes such as
wins, increased rank, in-game performance, physiological performance, playing at higher
competitive levels, and playing a greater role on a team. This continual subjective
progression through mental and physical training until objective success is reached
provides the clearest and most supported causal mechanism put forth by any MT study to
date.
Mentally tough athletes receive benefits from training as an outcome (rxy = .336),
perhaps increasing their MT, but mentally tough athletes also utilize training as a major
mechanism of increasing individual performance (rxy = .294). The same is true for better
psychological functioning; mentally tough athletes tend to perform better psychologically
as an outcome in and of itself (rxy = .341), but these athletes also utilize superior
psychological skill as an intervention for improving performance (rxy = .509). Simply put,
mentally tough athletes engage in more productive thinking, feeling, and believing,
coupled with more dynamic performance evaluation, training, and training effort that
creates progressive cycles of improved thinking/training as well as improved
subjective/objective performance. The explanatory model presented in Figure 4 illustrates
these mechanisms.
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Figure 4. Mechanisms of MT and Athletic Performance. Double arrows represent
correlation/observational evidence, whereas single arrows represent direct mechanisms
supported by experimental interventions.
It is important to note that while the majority of the evidence provided in this
analysis is correlational (N = 214) or observational by way of group comparison (N =
175), which inhibits causal claims from being established, there is still a sizable amount
of experimental evidence (N = 81) that permits causal connections to be derived.
Moreover, this behavioral process is supported by the external rating effect of MT. MT is
correlated with outward manifestations or observable behaviors and actions. The current
investigation postulates that training, methods of improved training, and the
psychological benefits manifest from training are key behaviors.
Training and the theory of training-efficacy as an MT mechanism. In an effort
to synthesize the reciprocal relationships in the model and demonstrate these major causal
mechanisms in a practical setting, the current investigation proposes an original concept,
174

training-efficacy, or the belief that effective training produces the required skills or
behaviors necessary to achieve a desired outcome. Like previous efficacy expectations,
which “is the conviction that one can successfully execute the behaviors required to
produce the outcomes” (Bandura, 1977, p. 193), training-efficacy behaviors center
around sport practice. Unlike self-efficacy, which centers around belief in self, trainingefficacy centers around belief in a behavioral process. Training-efficacy does not
guarantee winning will occur. Instead, it is the belief that through mental and physical
training, the requisite skills may be developed to make winning possible and even
probable. It is a belief that through training, skills and abilities may be cultivated and
refined to reach subjective and objective goals.
According to Bandura (1977), this cyclical experience of initiating effective
training, obtaining training benefits, and increasing beliefs about training is the same as
other “behaviors” (p. 193) and as such will increase self-efficacy, but training also has
broader implications psychologically. Training offers an athlete improved self-esteem and
physical self-concept, decreased anxiety and depression, decreased stress, improved
mood, improved cognitive and executive functioning including attention control, faster
processing speed, response inhibition, improved working memory, and increases in
energy and motivation (Dishman & Chambliss, 2013). These positive training effects or
benefits are also remarkably comparable to recommended MT conceptualizations and
their sub-dimensions, including confidence, global self-efficacy, contextual knowledge,
buoyancy, optimistic style, emotional regulation, attention regulation, negative energy
control, and attitude control (Loehr, 1982, 1995; Gucciardi et al., 2015). Therefore, the
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valid conclusion is that training improves beliefs about training, and training provides a
reciprocal relationship with both MT and athletic performance (see Figure 4).
This reciprocal relationship appears stronger for psychological skills training. In
Figure 4, the psychological improvement component of the model encompasses the
positive psychological outcomes related to MT as well as the psychological skills training
interventions that improve performance. Psychological skills training interventions have
been studied extensively in relation to sports performance outcomes. In two reviews
summarizing psychological skills training effectiveness, one found 38 of 45 studies
(84%) demonstrated positive performance effects, and the other review found that 90
different psychological interventions moderately improved performance, including goal
setting, mental rehearsal, anxiety management, and concentration (Weinberg & Williams,
2013). These interventions were also examined in the current analysis and support
previous review findings. The current analysis also establishes a significant causal
relationship with MT and performance (see Figure 4, Psychological Improvement, direct
relationship). Athletes who train to control their thoughts, emotions, and concentration
tend to see improvements in controlling their thoughts, emotions, and concentration and
by extension improve their athletic performance. This performance loop also offers
support for training-efficacy as an MT mechanism even when the training is mental or
psychological skills training. Moreover, the relationship between this training process and
MT is now more conclusively supported by the present meta-analysis, after many long
years of speculation (Loehr, 1982, 1995; Goldberg, 1998; Connaughton et al., 2008a).
Increased training leads to better subjective and objective outcomes, which
provides psychological benefits and increases training-efficacy, leading to more training.
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An additional byproduct of this continued training is that the training process itself is
likely to be enhanced. For example, an athlete training for objective success in basketball
may practice shooting, hoping to improve technique and in-game performance and
resulting in more wins. The goal of each training session is to increase subjective success:
more shots made, higher shooting percentage, or increased shooting speed. Meanwhile,
during each training session the athlete becomes acclimated to the routine through
practice and repetition. Mistakes and missed shot attempts decrease, allowing more
successful techniques to be repeated with greater frequency. Over time greater
physiological adaptations occur (rxy = .544). Subsequent training sessions become more
efficient. Ericsson et al. (1993), authors of the study and theory of “deliberate practice in
the acquisition of expert performance” (p. 363), suggested that within deliberate practice
(training), an identical byproduct emerges, in that “increased complexity and proficiency
of acquired skills and characteristics leads to increased performance and allows for
engagement in more challenging deliberate practice activities for a longer period of time”
(p. 390).
Similar to self-efficacy, training-efficacy assists in the initiation of training, effort
sustained during training, persistence to continue training, and utilization of alternative
strategies (Bandura, 1977). This supposition is supported by the fact that mentally tough
athletes engage in longer, more specific, effortful, vigorous, and belief-driven practice
(rxy = .336) but also by the fact that mentally tough athletes report greater task
knowledge, reflection, instruction, evaluation, learning, goal-setting, preparation, and
monitoring of training (rxy = .341), which, according to Zimmerman (1989), produces
better training sessions and better performance. Zimmerman’s (1989) conceptualization
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of self-regulated learning, or “the degree that [athletes] are metacognitively,
motivationally, and behaviorally active participants in their own learning process” (p.
329), included mechanisms and strategies for improving performance such as selfevaluation, goal-setting, planning, information-seeking, keeping records and monitoring,
seeking social assistance, and self-consequating. Zimmerman’s (1989) strategies again
parallel the many subjective outcomes mentioned above that are related to MT. Based on
the many superior subjective effects of MT, it is reasonable to assume mentally tough
athletes begin to internalize and self-regulate their own training and practice just as
Zimmerman (1989) theorized, leading to increased training-efficacy.
In summary, mentally tough athletes train more than other athletes. Training
increases MT and produces significantly greater self-referenced improvement. These
performance improvements increase MT, producing a reciprocal relationship between
MT and training. This reciprocal performance loop increases the desire to train; belief in
training to continue to improve is known as training-efficacy. Over time, this
performance loop results in more effective training and subjective successes, until
objective goals become more easily attained or achieved with greater frequency.
Further support for training-efficacy. A straightforward example of trainingefficacy comes from a toddler learning to ride a bike for the first time. The child has not
learned the required combination of skills (generating force, steering, maintaining
balance) necessary to keep the bike upright. After much trepidation and considerable
coaching, usually from a parent, the child attempts the pedaling process with frequent
bodily falls and regular attitude faltering. As the force produced from pedaling allows
steering and balance to be tested and re-tested, the duration of each riding attempt
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improves as motor learning processes take place. These subjective successes provide
amplifying feedback that coaching and training are efficacious, increasing the child’s
belief that through continued practice success may be achieved. Once the correct
combination of skills is trained and mastered, riding a bike becomes an innate skill, as the
aphorism goes. This objective success results in increased training-efficacy.
Youth and amateur athletes. All athletes engage in practice and training by virtue
of established traditions inherent in the culture of sport, from youth to professional levels.
As athletes begin to understand and appreciate the positive adaptions imparted from
mental and physical training, training-efficacy is established and internalized. There is
again strong evidence to support this premise, especially for beginning athletes with
further opportunity for skill development. For instance, mentally tough youth athletes and
amateur athletes exhibit stronger beliefs, attitudes, and thoughts (rxy = .579); benefit from
more robust training sessions (rxy = .330); and realize greater total subjective success (rxy
= .372). Consequently, mentally tough youth and amateur athletes present with
significantly stronger relationships to winning (rxy = .426) and physiological performance
(rxy = .331). Hence, young mentally tough athletes train more and get more out of
training, both physically and mentally.
Adult, professional, and elite athletes. For more experienced athletes, trainingefficacy may seem less important because the average correlations between MT and
objective success for these populations (adult, professional, or experienced athletes) is
much smaller (rxy = .190, rxy= .122, and rxy= .197, respectively), but as discussed
previously, the variance accounted for by MT in these objective outcomes at higher levels
of competition becomes significantly smaller (Abelson, 1985). Likewise, adult,
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professional, and experienced athletes customarily participate in similar training routines
or with similar training durations given their competitive level. Professional athletes may
collectively bargain around training periods and offseason activities to ensure proper
workplace standards. Elite college athletes are often subject to rules governing training
hours allotted per week (NCAA Division I Manual, 2021‒2022). Similar training
regimens notwithstanding, each older subgroup produced a stronger effect of training (rxy
= .233, rxy = .170, and rxy = .189, respectively). Notably, each training effect size is also
quite similar to objective success correlations for the same group. The effect of training
appears to diminish at higher levels of competition, but these small effects still offer
significant cumulative results.
Before the New England Patriots won the Super Bowl in 2019 against the Los
Angeles Rams, coach Bill Belichick was asked in a preseason press conference how his
team was progressing. He remarked, “the idea is just being able to do things right, and if
it doesn’t end up right then coach off it and try to correct it… improve it incrementally”
(Patriots, 2022). Belichick also remarked that part of the challenge is getting athletes to
believe or “trust the process” and “take advantage of our opportunities to go out there and
improve.” Though Coach Belichick admitted that other teams where endeavoring toward
the same outcome, it would seem he as coach was attempting to produce a greater belief
in training. The “process” in which he was expecting his football players to “trust” could
be described as a process of greater reflection, evaluation, learning, and monitoring of
their past and present performance (rxy = .341), as well as producing greater effort during
training sessions, sustaining slightly longer training sessions, engaging in more footballspecific practice, receiving more football instruction during practice, and conditioning
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physically with greater vigor (rxy = .336) to improve subjectively and, consequently,
objectively, culminating in a Super Bowl victory (Patriots, 2022). Of their 11 Super Bowl
appearances, the Patriots overcame the most regular season losses of any other team to tie
the record for most championships by trusting this process.
As Abelson suggested, “there are processes by which individually tiny influences
cumulate to produce meaningful outcomes,” and more effective training certainly falls
into this category (Abelson, 1985, p. 129). For example, Ericsson et al. (1993) reported
national-level swimmers, ice-skaters, and gymnasts practiced an average of 160 minutes
per day. With a standard deviation of 20 minutes, the mentally tough athletes would
engage in roughly an extra 10 to 15 minutes of training a day, depending upon the effect
size range. This small effect is inconsequential for a single training session and unlikely
to produce any meaningful difference between the athletes with MT and those with less.
However, the cumulative effect is monumental over the course of a training season, given
that an extra 15 minutes per day, 6 days a per week, 52 weeks per year translates to an
additional training session every 2 weeks and an additional 4,680 minutes of more
effortful, vigorous, and instructive training per year, as compared to athletes with less MT
(based on elite athlete training regimes; Ericsson et al., 1993).
While further skill attainment and fine-tuning seems unlikely from an extra 15
minutes of practice in a single session, and additional 4,680 minutes of training beyond
that of the competition is enough to produce “meaningful” physical and mental adaptions
(Abelson, 1985, p. 129). Results from Ericsson et al.’s (1993) study suggested that by the
age of 18, the “best” performers accumulated 7,410 hours of practice, whereas “good”
performers accumulated 5,301 hours of practice (p. 379). Current findings suggest
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mentally tough athletes may accumulate the necessary training and practice to see expert
performance at perhaps a faster rate than traditional athletes, reaching what Gladwell
(2008) popularized as “the 10,000-hour rule” (p. 35).
Even the cumulative effect from additional seconds or single actions can produce
compounding effects. Resistance training workouts are typically a subjective form of
training conducted for the express purpose of improving competitive, objective
performance. Training programs are regularly divided into major muscle groups to allow
for maximal mechanical work and potential recovery, with a prescription for the number
of sets and repetitions, the amount of weight to be lifted, and the amount of rest between
sets. The present results again indicate athletes with greater MT engage in longer, more
specific, effortful, vigorous, and belief-driven practice (rxy = .336) and demonstrate
greater physiological performance than the competition (rxy = .544).
Hypertrophy workouts are workouts designed to increase muscle size through
larger volumes of mechanical work. In a recent meta-analysis by Grgic, Schoenfeld,
Orazem, and Sabol (2021), researchers found that seasoned athletes experienced more
favorable hypertrophic muscle gains when they trained to the point of failure. According
to Schoenfeld (2021), reaching this point of failure is referred to as maximizing an
athlete’s “intensity of effort” (p. 129). This description, intensity of effort, corresponds
perfectly to present training findings that mentally tough athletes lift at greater volumes
and produce greater hypertrophic gains.
To illustrate this point, suppose two athletes are prescribed similar resistance
training programs to increase muscle size and performance over the course of a
competitive season with five total exercises, three sets per exercise, and 10 repetitions per
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set. If the mentally tough athlete trains with greater intensity of effort or vigor (rxy = .336)
in working toward failure and lifts the weight one additional repetition per set, that results
in 15 additional repetitions per typical session. Over a single training session, 15 bonus
repetitions would likely fail to result in greater muscle hypertrophy (Schoenfeld, 2021).
But over a week of training five days with 45 pounds of resistance (the weight of an
Olympic barbell), a cumulative lifting volume in terms of additional weight is 3,375
pounds of resistance lifted and overcome each week. Over the course of 52 weeks, an
extra 175,500 pounds would potentially be lifted by the mentally tough athlete. This
surplus of cumulative resistance would certainly help to produce the desired
physiological effect (rxy = .541), in this case, a greater hypertrophic response.
This more effective training and the belief in it (training-efficacy) is further
supported by the fact that mentally tough adult populations report stronger effects of
individual (self-referenced) performance enhancements (rxy = .576), and professional
athletes report stronger psychological improvements (rxy = .398). Additionally,
professional athletes as individuals, regardless of whether the outcome of the contest
resulted in a win or a loss, also report superior in-game (rxy = .240) and physiological
performance (rx y= .336) to that of the competition, both of which are influenced by
increased practice and training (Ericsson et al., 1993).
The concept of training-efficacy is also supported by many qualitative
investigations not included in the current analysis. For example, Jones et al.’s (2007)
popular framework of MT included four main dimensions. The first two dimensions
consisted of (1) attitude/mindset and (2) training, which are identical to the mechanisms
presented in Figure 4. Bull et al.’s (2005) frequently cited study suggested that mentally
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tough athletes were influenced by a foundational environment, where global themes
included examples of training, the desire to train, and belief in training, such as the
“belief in quality preparation” (p. 221) and a “go the extra mile mindset” (p.222). Bull et
al. (2005) wrote, “players confirmed their belief in this approach with specific examples
of practicing effectively” (p. 221), and “players also showed a repeated ability to go the
extra mile… a very clear work ethic” (p. 222). At the “match winning” pinnacle of Bull et
al.’s theory, the researchers brought the concept of training-efficacy full circle, stating
that athletes with MT derived their “tough thinking” from “feeding off physical
conditioning” (p. 225). This pattern of belief coupled with work ethic are reiterated
throughout the MT literature and support the robust finding in the current analysis,
making a compelling case for the mechanism of training-efficacy (Bull et al., 2005; Cook
et al. 2014, Coulter et al., 2010; Gucciardi et al., 2008; Powell & Myers, 2017).
In the seminal qualitative cited study by Jones et al. in 2002 entitled “What is this
thing called mental toughness? An investigation of elite sport performance” (p. 205), the
researchers stated the most important attribute of MT was “having an unshakable selfbelief in your ability to achieve your competition goals” (p. 211). This quintessential
attribute has been criticized for being too absolutist in language and meaning, resulting in
a fantastical and unrealistic view of MT (Andersen, 2011). Andersen (2011) argued the
Olympic athletes in this study were asked “ideal” questions and answered with “ideal…
not real, not human” (p. 73) responses. While this is a valid critique, perhaps these
athletes were unable to articulate the mechanism behind their belief. Every training
session that produced subjective and objective athletic successes increased the mentally
tough athlete’s training-efficacy. After months, years, and decades of successful
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experiences molded and shaped through training, the belief that any accomplishment is
attainable might only be described as “unshakeable” (Jones et al., 2002, p. 211). As
Bandura (1977) described, “experiences based on performance accomplishments
produced higher, more generalized, and stronger efficacy expectations” (p. 205).
A perfect example of unshakeable training-efficacy can be taken from a
documented practice session of the Golden State Warriors all-star point guard and the
NBA’s three-point shooting recordholder, Stephen “Steph” Curry. After the Warrior’s
regular team practice, Steph remained in the gym for additional shooting practice.
Afterward a video of the training was shared, and ESPN’s Stan Verrett said this of
Curry’s shooting prowess, “If there were any doubt that Steph Curry is the greatest
shooter ever, what you are about to see will end that doubt” (ESPN, 2020). The video
displayed Curry converting 105 (103 visible on the video) consecutive three-point
attempts into made baskets. An incredible feat never thought possible, let alone captured
on camera, this training accomplishment was also not the first video to illustrate Curry’s
supplemental shooting practice. In his in-game basketball performance, Curry has made
more three-point shots than any other player ever; further, he is famous for confidently
turning away from a shot attempt before the ball drops through the net as if the outcome
were predetermined. It is impossible to argue that these confident beliefs (Figure 4, see
Psychological Improvement) do not stem at least in part from effective training, higher
training-efficacy, and greater subjective successes wrought from such behaviors and
beliefs, resulting ultimately in his superior overall in-game and physiological
performance.
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Ericsson et al. (1993) reported an important conclusion with regard to intense,
specific training, or deliberate practice, arguing:
We agree that expert performance is qualitatively different from normal
performance and even that expert performers have characteristics and abilities that
are qualitatively different from or at least outside the range of those of normal
adults. However, we deny that these differences are immutable, that is, due to
innate talent. Only a few exceptions, most notably height, are genetically
prescribed. Instead, we argue that the differences between expert performers and
normal adults reflect a life-long period of deliberate effort to improve
performance in a specific domain. (p. 400)
The present meta-analysis adds to this conclusion that both mental and physical training
in a specific domain lead to superior performance and that mentally tough athletes
employ and internalize more effective methods of deliberate and self-regulated training
and practice (Zimmerman, 1985; Ericsson et al., 1999). As a result, effective physical and
psychological training increases MT, reinforcing and fortifying the belief that effective
training leads to positive outcomes (see Figure 4), a cycle now known as trainingefficacy.
Furthermore, the current investigation proposes that each subdimension of MT
(generalized self-efficacy, buoyancy, success mindset, optimistic style, context
knowledge, emotion regulation, and attention regulation; see Gucciardi et al., 2015) are
augmented and reinforced through specific training and exercise of that specific
dimension in and out of sport. If a mentally tough athlete embraces a “success mindset
[or] desire to achieve success” (Gucciardi et al., 2015, p. 29), and this mindset yields
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positive outcomes, then this mindset is conditionally rewarded, strengthened, and
reapplied when applicable (Huber, 2013). The same is true for any MT dimension. An
optimistic style, contextual knowledge, or buoyancy yielding positive results increases
the likelihood that each of these dimensions may be utilized again in similar
circumstances. If an athlete with a growth mindset believes that “how good you are at
sports will always improve if you work harder at it,” and subjective and objective goals
are reached by exercising this type of belief, then a growth mindset will thrive (Dweck,
2006, p. 98). Aristotle famously advanced, “[individuals] acquire a particular quality by
constantly acting in a particular way” (quoted in Evans, 1971, p. 217).
Recommendations and Limitations
Within MT literature, researchers frequently hypothesize a relationship between
the MT construct and some novel concept in hopes of finding a statistically significant
result and rejecting the null hypothesis (Lin et al., 2017). But in either scenario, failure to
reject or rejection of the null hypothesis, a researcher should not stop there. As Cronbach
and Meehl (1955) suggested,
Rejecting the null hypothesis does not finish the job of construct validation. The
problem is not to conclude that the test “is valid” for measuring the construct
variable. The task is to state as definitely as possible the degree of validity the test
is presumed to have. (p. 290)
Each attempt at establishing a new relationship with MT also provides an opportunity to
assess the shortcomings of the methodological design and the degree to which the
instrument validly assesses MT. As Vaughan et al. (2018b) argued, “construct validation
should be viewed as a continuing process; therefore, all measures must be subject to a
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thorough psychometric examination before they can be adopted as a useful measurement
tool” (p. 3).
A prime example of a tool in need of continued research is offered in a study by
Dewhurst et al. (2012). This group of researchers (including an original author of the
MTQ48) assessed MT using the MTQ48 while testing cognitive memory function.
Participants were instructed to remember a list of five words and then told this first list
was “just for practice” (p. 589). After receiving a second list of words, participants were
asked to recall both lists of words. Only one dimension of the MTQ48, commitment, was
correlated with the ability to recall words from list two. The three remaining dimensions
were not statistically significant and, in fact, evenly produced inverse relationships for
remembering words from lists one and two. This single subscale correlation with
commitment prompted the researchers to conclude students with MT “are more
successful at preventing old information from interfering with the acquisition of new
information” (Dewhurst et al., 2012, p. 589).
This conclusion by Dewhurst et al. (2012) that mentally tough students are
somehow better at “directed forgetting” (p. 587) may be a valid conclusion, but the
authors of the study failed to assess the degree to which the MTQ48 validly measured
MT, failed to fully support a priori how this 3-minute memory test is an indicative
outcome of MT, and failed to consider alternative causes for the poor memory
performance of participants. While mentally tough students may be better at forgetting,
the more logical conclusion is the researchers failed to critically examine the MT
instrument, underlying theory, study methodology, and statistical results. Rather than
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move the construct forward, researchers allowed too much bias to contaminate the study
findings and, in all likelihood, fundamentally concluded a spurious relationship.
This study by Dewhurst et al. (2012) was not included in the current metaanalysis because of its focus outside of sport and non-athletic sampling. But it is
important to remember this investigation was included as evidence for the
MT/performance relationship in a previous review by Lin et al. (2017). Similarly, the
study by Bell et al. (2013), which was cited more than any other study reviewed as
evidence of the MT/athletic performance relationship, also exhibited severe limitations,
calling the conclusions into question. At the same time, no reviewers discussed or
examined the risk of bias presented in either investigation. Poor recitation of Bell et al.
(2013) may further perpetuate the use of unsubstantiated interventions for increasing MT,
like performance punishments. An explanation for the absence of more critical
examination of evidence within the literature reviews is the lack of widely available
standards used to assess the bias in observational research.
Many vital variables coded for the present analysis were variables of
methodological quality. Effect sizes coded as good, fair, or poor evidence often produced
different results that were occasionally statistically significant. The most noteworthy of
these examples the magnitude of the overall mean correlation. The magnitude of this
correlation grew as more strenuous and rigorous research methods were employed.
Researchers who were able to more accurately define and measure MT, accurately define
and measure athletic outcomes, assess measures of reliability, control confounding
variables, and provide clear instrumentation produced a stronger MT/performance
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relationship. This suggests the relationship may be understated and calls for continued
investigation beyond the oversimplified observational study.
The current analysis proposes the following recommendations for continued
research in MT, along with recommendations for improving methodological quality and
reducing the risk of bias within the field. Reviews of the literature will undoubtedly
uncover new relationships to be examined, but as unexamined opportunities arise, so
should a clear theoretical framework and a priori hypothesis. Then, when spurious
relationships eventually arise, a critical examination of the entire study can occur.
Reviews of the literature should not only seek to uncover novel MT relationships but also
to uncover novel methodological opportunities to increase the scientific rigor within the
field. Moreover, reviewers should become accustomed to critical examination of previous
findings and resist referencing studies severely lacking in internal validity without
discussing the limitations in context. Another important fact is that MT literature would
further benefit from greater transparency in statistical reporting. The reporting of simple
descriptive statistics, such as means and standard deviations, will ensure the
straightforward aggregation and comparison of study findings.
Finally, a noticeable limitation of the current investigation is the lack of analysis
of individual dimensions of MT. It is true that almost any positive psychological attribute
has been considered a dimension of MT, and certain dimensions are more important than
others (Jones et al., 2002). However, it is more evident from the results of the current
analysis that multiple dimensions of MT must work together to help improve
performance, as evidenced by the stronger effect sizes produced by unidimensional
instruments, but it is unclear which of the individual dimensions within the instruments is
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most influential, under what circumstances specific dimensions are most beneficial, and
who is most likely to benefit from one or more specific dimensions. Some of the
underlying dimensions of the MeBTough43 and the MTI8 overlap, while some
dimensions are unique to each instrument; further analysis could elucidate which
dimension are primary drivers of performance. A practical application may be utilized in
crafting interventions to improve performance by age, gender, or sport category.
Other limitations include the use of the Bonferroni correction to assess mean
differences between differences within the same category. The Bonferroni correction is
typically seen as being an overly conservative approach to assessing statistical
differences, but readers should keep in mind the average correlation reported is an
attempt to quantify the entire relationship within the literature, and statistical differences
within categories merely serve as a means of highlighting the lessening or strengthening
of a specific MT/performance relationship. If the majority of the good quality evidence
produces a stronger effect of MT when compared to the fair and poor evidence but the
difference is not statistically significantly different using the Bonferroni correction, the
reader should not infer good evidence does not produce a stronger and more meaningful
difference in the relationship. This difference between categories is still immensely and
practically significant because the entire body of reported quantitative evidence supports
this increase in effect size. Nevertheless, more sophisticated statistical methods may be
used to analyze the data in the future. Multiple regression analysis and hierarchal
regression may improve comparisons between coded variables and improve the
predictive validity of the model of MT mechanisms.
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Conclusion
The current investigation sought to answer three main research questions: (1)
what is the correlation between mental toughness and athletic performance, (2) does the
magnitude of the relationship vary depending on how MT is defined and measured, and
(3) does the magnitude of the relationship vary according to subject and study
characteristics? In attempting to answer these questions, this meta-analysis endeavored to
assemble and summarize the most comprehensive body of data and evidence within the
field of MT.
The answer to the first question is simple in that the data and evidence
overwhelmingly support a small correlation between MT and athletic performance (rxy
= .218 or rxy = .260, depending upon the quality of evidence). Though this relationship
may be small, careful consideration must be given to both the juxtaposed outcomes and
the cumulative effects. MT is likely to be a greater influence in certain sporting
circumstances, especially those less susceptible to the chance variance inherent in all
sporting contests. Likewise, the positive effects of MT are likely to accumulate with each
opportunity for use. Nevertheless, the thoughts, feelings, attitudes, beliefs, and behaviors
consistent with MT correlate positively with increased performance in sport and sportrelated activities.
In answer to question two, the relationship varies significantly depending upon
the underlying theoretical definition and measurement of MT. Instruments previously
considered standard methods of measurement, such as the MTQ48, offered significantly
smaller effects and by extension less construct validity than the instruments based on
conceptions by Loehr (1982, 1995)—that is, the MeBTough (Mack & Ragan, 2008)—or
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by Gucciardi et al. (2015)—the MTI8. Both the conceptual frameworks of Loehr (1982,
1995) and Gucciardi et al. (2015) are recommended for further examination.
The results of this investigation offer key findings about crucial conceptual
variables, including the fact that MT produces a significantly stronger relationship with
subjective performance outcomes than it does with objective performance outcomes. That
is to say, the effect of MT produces significantly stronger correlations with individual
(self-referenced), psychological, and training improvements as opposed to outcomes
based on defeating the competition. Additionally, MT also produces a significantly
stronger relationship with performance when conceptualizations are founded in a
framework of state-like/trainability, contextual knowledge and experience, and resources
working collectively in a unidimensional fashion.
The answer to the third research question is similar to the answer to the second
question. A variety of subject and study characteristics significantly impacted the
MT/performance relationship. Chief among these were the methodological characteristics
of theoretical rationalization, design, instrumentation, and degree of control, as well as
the overall quality variable. In many circumstances, more scientifically rigorous studies
and the correlation calculations resulting from them produced significant variations in the
average effect size. Occasionally, the magnitude of the relationship strengthened as the
quality of the study increased, while at other times the relationship diminished in
magnitude or results were mixed as the quality of evidence increased from poor to fair to
good. The relationship between MT and winning is a prime example. Winning generated
a small average correlation (rxy = .152), but after removing fair and poor evidence, the
relationship with MT increased nearly threefold (rxy = .416). Thus, future investigations
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into MT must prioritize methodological quality by both primary and secondary
researchers to continue clarifying the precise nature of the relationship.
Major findings also ensued from the remaining subject and study characteristics
analyzed in this meta-analysis. Experimental data produced significantly larger effects
than did correlational and group-comparison data, indicating MT may be trained through
interventions and developed over time and may provide cumulative effects. The
interventions coded from the experimental data also produced significant differences,
notably after accounting for the quality of evidence. Psychological, mental, sport-specific
training, and more effective methods of training in general produced medium to large
average effect sizes (Cohen, 1988). Evidence for punishment interventions, commonly
associated with developing basic toughness, were found to be less credible given the
quality of evidence analyzed.
Demographic characteristics like age, gender, ethnicity, and experience produced
unique variances in the MT relationship. Due to lack of reporting, ethnicity was
simplified to U.S. athletes and non-U.S. athletes; the differences between the two
populations were not significant but were substantial enough to warrant further
examination between groups. Gender differences in MT and athletic performance were
significant. Mostly male and majority male samples produced significantly stronger
average correlations. As the number of female participants in samples increased, the
average correlation significantly decreased, with mostly female samples generating the
smallest average correlation. This warrants further investigation into differences in MT
with regard to gender. For example, specific dimensions of MT may be unique to female
athletes and can be inductively examined. Gender parity in terms of opportunities for MT
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development, equity of athletic participation, and socialization and training techniques
within sport participation is also important to understand. Age and experience revealed
several practically and statistically significant findings. Primarily, the MT relationship is
stronger for youth, amateur, and less experienced athletes, providing a significant boost to
subjective successes like individual, psychological, and training improvements, yet
certain objective successes like winning and physiological performance also reported
promising effects for these groups. Adult, professional, and elite athletes likewise
produced a significantly larger relationship with individual performance than with other
outcomes, but substantial effect also resulted from psychological and training
improvements in addition to the objective outcomes of in-game and physiological
performance.
Different sports and sport characteristics were another significant source of
variance in the MT and athletic performance relationship. Individual sport athletes
produced significantly larger effects than team sport athletes. Contact sport athletes
reported similar results as non-contact sport athletes. However, after accounting for
quality, the average correlation for contact sport athletes grew significantly from small to
medium. Similarly, aerobic and anaerobic sports reported nearly identical average
correlations, but after accounting for quality, the effect size for anaerobic sport athletes
increased significantly when compared to aerobic athletes.
To summarize, the concept of MT and its correlation with athletic performance
remains one of the most impactful relationships in all of sport. MT is not the panacea
previously thought to be the key to defeating any opponent. There are circumstances in
which MT accounts for a significant portion of the variance in winning a competitive
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game or match, but significantly greater are the self-referenced effects of reaching an
athlete’s individual potential. These findings offer the most comprehensive and
compelling evidence yet that MT correlates with multiple positive outcomes in sport. The
effects of training, various training elements, mental and physical training interventions,
age/experience, contextual learning, and instruments with state-like dimensions provide
definitive evidence that MT is trainable and may be improved with practice. The positive
effects of training and training-efficacy provide the first substantiated causal mechanism
underlying the MT construct.
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Appendix

Figure 1. Search Parameter Example.

Figure 2. Sample Point Biserial Calculations. These use statistical data reported from a
group comparison study of MT and performance.
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MT and Athletic Performance Data Coding Sheet
Date
Author / Year

Journal Name

General Data
1
2
3
4
5
6
7
8
9

Study ID#
Year of Publication
Correlation #
Correlation Value r
Fisher's z Transformation
Results were statistically signifcant (Yes=1, No=2)
Reported Sufficient Data for Calculations =1, Estimated Data Utilized =2
Correlation statistically controlled (Yes =1, No =2) ________________________________
Variables controlled_________________________________________________________
Dependent (Outcome) Variable Characteristics

10
11
12

Outcome Description
Objective Performance =1, Subjective Performance = 2
Objective Codes: Winning =1, In-game Performance 2, Physiological Performance =3
Comp Level =4, Rank =5, Start versus Non-starter =6
Subjective Codes: Individual Improvement =1, Increased Effort =2, Increased Training =3
Measurable Task =1, Assigned Groups =2 (MT assumed)
Age/Experience =4

13
14
Subject Characteristics
15
16
17
18
19
20
21
22
23
24
25

Sample Size (of the MT group)
% Male
Average Age
Youth Sport =1, Adult Sport =2, Mixed =3(Youth =Average age below 18 yrs)
Amature Sport =1 (college and below), Professional Sport =2, Both =3
Experience: Beginner =1 , Intermediate =2, Expert =3, Mixed =4
Individual = 1, Team Sport =2, Mult-sport =3
Contact Sport =1, Non-Contact Sport =2, Both =3
Aerobic Sport =1, Anareobic Sport =2, Both =3
U.S. Participants =1, Foreign Particpants =2
Sport Types: 1=
Study Characteristics

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

MT Instrument: MTQ48 =1, MTQ18 =2, PPI42 =3, PPI-A14 =4, MTI36 (Middleton) =5
MTQ11 = 6, MeBTough =7, SMTQ14 =8, MTS11 =9, MTI8 (Gucciardi) =10
Unidimensional Instrument = 1, Multidimensional Instrument =2
Self-Report = 1, External Rater =2, Multiple Instrument =3
Contextual Instrument =1, Non-specfic Instrument =2
Trait =1, State =2
Reported Test-Retest Reliability
Reported Internal Consistency (Cronbach's alpha)
All subscales significant =1, Reported insignifcant subscales =2, Data unreported =3, N/A =4
Percentage of subscales statistically signifcant
Hypothesis Accepted =1, Hypothesis Rejected =2
Clear Instrumentation, Valid measurement of MT (Good =1, Fair =2, Poor =3)
Did the study question the validity of the instrument? (Yes=1, No=2)
Reported characteristics =1, Failed to report important characteristics =2
Quasi-Experimental =1, Correlational =2, Group Comparison =3
Degree Instrument Theoretically Defined and Justified (Good =1, Fair =2, Poor =3)
Considered Possible Performance Confounders (Good =1, Fair =2, Poor =3)
Overall Quality (Good =1, Fair =2, Poor =3)(Lines:7, 24, 25, 36, 37, 38)
Interventions, in any: Mental Skills Training = 1, Punishment = 2,
Traditional Coaching =3

Instrument Subscale Correlations (Subdimensions)
Subscale 1 Subscale 2 Subscale 3 Subscale 4 Subscale 5 Subscale 6 Subscale 7 Subscale 8 Subscale 9 Subscale 10 Subscale 11 Subscale 12

Name
Sub Corr. 1
Sub Corr. 2
Sub Corr. 3
Sub Corr. 4
Sub Corr. 5
Sub Corr. 6

Figure 3. Coding Sheet.
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